5 10 15 SYSTEM FOR DETERM NI NG RF PATH LOSS BETWEEN AN RF SOURCE AND AN
RF RECElI VER W TH HYSTERESI S AND RELATED METHODS 20 Field of the Invention
[ 0001] The present invention relates to the field of conmunications
systens, and, nore particularly, to performance testing in nobile wreless
communi cations systemnms, such as cellular conmmunications systens, and 25
‘rel ated net hods. Background of the Invention [0002] In cellular

comuni cations devices, radio sensitivity is a fundanmental figure
characterizing 30 radi o receiver performance. Conducted (i.e., via an RF
cabl e) and Padiated (i.e., via a wreless conmunications |ink) radio
sensitivity neasurenents are perfornmed frequently during radi o design
certification, and verification. These neasurenents are 35 perforned by
reduci ng the base station power transmt |evel until the receiver residua
bit error ratio (RBER) reaches a desired |evel, specifically 2.44%

[ 0003] For 1@ obal System for Mobile communication (GSM nobile devices,
for exanple, there are several 40 communi cations bands each ranging from at
| east one hundred channels to al nbost four hundred. To scan every 2

channel of a GSM nobil e phone requires |arge anounts of tinme using
traditional, sem -intuitive nethods. Automated nethods replicating manual
estimati onjgend to be random or follow binary-tree search nethodol ogy. 5

Brief Description gfgihe RSRVWEBSRMINING RF PATH LOSS BETWEEN AN RF
SOURCE AND AN RF RECEIVER WITH HYSTERESIS AND RELATED

METHODS
20 Field of the Invention
[C001] The present invention relates to the field of

communications systems, and, more particularly, to
performance testing in mobile wireless communications
systems, such as cellular communications systems, and

25 related methods.

Background of the Invention

[0002] In cellular communications devices, radio
sensitivity is a fundamental figure characterizing

30 radio receiver performance. Conducted (i.e., wvia an RF
cable) and radiated (i.e., via a wireless
communications link) radio sensitivity measurements aré
performed frequently during radio design, -
certification, and verification. These measurements are

35 performed by reducing the base station power transmit
level until the receiver residual bit error ratio
(RBER) reaches a desired level, specifically 2.44%.
[0003] For Global System for Mobile communication
(GSM) mobile devices, for example, there are several

40 communications bands each ranging from at least one

hundred channels to almost four hundred. To scan every



[0004] FIG 1 is a schematic block diagramof an exenplary test systemfor
measuri ng conducted radio frequency (RF) receiver sensitivity in
accordance with 10 the invention. [0005] FIG 2 is a schematic bl ock

di agram of an examplaryr tesdswiliemd Yndmasied ng-4 dﬂa%t(gs@ Houd &Sl ver
sensitivity in accordance wth the invention. 0006] FIGS. 3-5 are flow
di agrans of exenphearys iy netdwidst drovl ,REgreicel vari siersintdtfidds .neasur enent i n
accordance with, the i.nventign. [0007]. FI.G_6 is a fl ow .di agram of
exenplary met hmbl‘atcf%arte et'er %Onﬁi%]gr B e e S T N ]ﬂ‘é?n%eo%ttefpg&hoe
invention. 20 [MWO08nddiCr 7 @ithvd i ) -aWw ki agiansh ofctexrimilayy. met hods
for determning RF path | oss between an RF source and an RF receiver with
hyst eresi s Pn accordance with the invention. [0009] FIGS. 9-13 are flow

di agrans of additional 25geXeRPHaLYyr _}gggsogoghgeﬁggm%g RF path | oss
in accordance with the in T Ot — 14 —amd— T re graphs of BER
versus TCH povEI0QG&lvel dhidihgel fior adidfdrmmeiti sdilodf datgmamofivedd]  as

correspondi ng BER versus TCH power |level functions 30 therefore,. in
accordance Wt he)ieﬁrgﬁpar]@‘setrﬁsﬁ rﬁ)’&‘?% or [“fﬁ?ﬂﬁrllf}%coféiq eﬁd@éﬁ?
illustrating simenpaurs;, @RPr ddEted: Wil sphine i dddrddRQd2]id G 17
is a graph illustrating handheld device hystersis switching. 3 [0013]
FIG 18 isl8 grdiph BVBERIS. nornalized TCH |evel function. Detail ed
Descri ption of r ef er di [ T ent. invention
wi |l now be des[tzdrtﬁ)bd(jd rmfflgjd'f tlj%wl(1 ?7% ﬁg%gh%g}atscelrco\%jiﬂc%e éar%(rar%zne%tfo r}he
exemplary test system for measuring radiated RF

receiver sensitivity in accordance with the invention.
[0006] FIGS. 3-5 are flow diagrams cof exemplary

15 methods for RF receiver sensitivity measurement in
accordance with the invention.

{0007] FIG. 6 is a flow diagram of an exemplary
method for determining RF path loss in accordance with
the invention,

20 [0008] FIGS. 7 and 8 are flow diagrams of exemplary
methods for determining RF path loss between an RF
source and an RF receiver wilth hysteresis in accordance
with the inventicn.

[0009] FIGS. 9-13 are flow diagrams of additional

25 exemplary methods for determining RF path loss in
accordance with the invention.

[0010] FIGS. 14 and 15 are graphs of BER versus TCH
power level change for different sets of data, as well
as corresponding BER versus TCH power level functions

30 therefore, in accordance with the present invention.
[0011] FIG. 16 is a graph illustrating sine waves
approximated using spline fitting.

[0012] FIG. 17 is a graph illustrating handheld

device hystersis switching.



acconpanyi ng drawi ngs, in which preferred enbodinents of the invention are
shown. This invention nmay, however, be enbodied in many different forns
and should 10 not be construed as limted 8o the embodi nents set forth
her ei n. Rat her, e i . ar i at i j.sel re
will be thor ougké(g? conp et'cran,alr)st }nsg %mﬁ%% Bc%ﬁv\;eg))' t%c;egyé%lo%eé%f@ﬁe
invention to thosel skindteidrin the art. Like nunbers refer to like 15

el enents throughout, and prinme notation is used to indicate simlar

el enents in alternate enbodi nents. [0015] A test nethod for determning
radio frequency (PEtapdéd DessrDetiBRNoANtIE BHEfELradIEABoRImERES! VeEr
for a given RF channel 1n a grven RF frequency band 20 wIT Tirst Dbe
summari zed geneb®I4] andHaumtrEeHet @IV tign (widd praowikfed et oipedrhe RF

source may tranghid RE 1 PONSL. alfES, ggi@nr allvely T’Ih ng,granularity, and

the RF receiver may generate recelved signal strengt I ndi cator (RSSI)
val ues at a relatdamgbanycioay sk 286 rgysgnul rarditichand dfeere eah amikrbmretysst er esi s
about each transition between adj acsgglt RSS|, .val,ues. The test nethod may

i ncl ude det er mi%i ng'a P CThySteresie!- BYSHE 2 Gi%8h RSSI val ue

transition at thesdfer [ eceiaodiesWaepidly, R frowem v aldiess taansdiddied from
30 the RF source in increasing and decreasing directions. The nethod may

further inéPuderddets maistgued rd driimistl Fbdhreambaseimesitg isadly fine

granularity RF . val.ues t r |V r | ar t.y: I
val ues using thfe ystheer%sll%s' t?{a%glletqle’orﬁle géese?n%@g,%%[t%{a Qg %lgop‘étc%%soss for
the gi ven chanred tteyt bdhidetdrsmledirde  vhidisle el i ravuvgihy emdRSSImpdite tae ,gi ven

RF power val ue an the |_.at i onshi etween the relatively fine
granul arity RF aﬁ@j\@f‘d\r}al yaﬁ(ﬂmt"ﬁé})rt&eatslwecc?gr &&e GrafiitEknt yFRsS

val ues. those skilled in the art. Like numbers refer to like

15 elements throughout, and prime notation is used to
indicate similar elements in alternate embodiments.
[0015] A test method for determining radio frequency
(RF} path loss between an RF source and an RF receiver
for a given R¥F channel in a given RF frequency band

20 will first be summarized generally, and further details
will be provided below. The RF source may transmit RF
power values at a relatively fine granularity, and the
RF receiver may generate received signal strength
indicator (RSSI) values at a relatively coarse

25 granularity and have an unknown hysteresis about each
transition between adijacent RSSI values. The test
method may include determining a pair of hysteresis
edges about a given RSSI value transition at the RF
receiver by sweeping RF power values transmitted from

30 the RF source in increasing and decreasing directions.
The method may further include determining a
relationship between the relatively fine granularity RF

" power values and the relative ccarse granularity RSSI
values using the hysteresis transition edges. Also, the

35 RF path loss for the given channel may be determined



5 [0016] The test method may further include transmtting fromthe RF
source at an initial RF power |evel and neasuring a corresponding initial
RSSI value of the RF receiver, and settin§y an initial internal

ampl i f1cation ofadde o Ueedasedpan & AILenancel Rebgendde

initial RF power level an correspon g initial

determ ni ng theheaielafidnstigr dsitsveatdgahamme liatclwedey stieepi ng i n
progressively decreasing i rval s of .RF powe alues.  [0017] In addition,
Che met hod may G0 T e B B Bt TS FS Fit e Aok i G Seps for ai

| east one ot hefrfiwelr iRy cdsnelaiyed.he given RF frequency band to
determne a plurality of path | osses, determning an RF path | oss

RF

function based UPO¥Fk he pihe dleaty mFtiRE ngat HUrgdsss irgnldidfet ermi ni ng an RF
path | oss for .qast | t.hi .qiv.en ency
band based upoflért%% pal}qgrﬁocgi%en%?o@r?ﬂ[ﬁ\ge %F%pr{aﬁuq%loa?s r}@: CO{“feg[ﬁ may
be determ ned blased upah red=sasing squares sglagatirichmniusialg B3 wradluet y  of
splines, etc. 018] By way of exanp|e, the RF receiver. may be 25 d obal
System for Nobi 16 tég#nﬁ%iféaﬁ/%‘fr%ﬂ( Yo oD i Radi 0
Servi ce (GPRS) dgosit@iatidth Enhanced Rha Ratrs dPrddphalq istemndor

Mobi |l e Comruni cations (GSM Evol ution (EDGE) receiver. In addition, the

RF source Ay Betadsasdhst dinidn admiBtrewe 30 ve0l FndA thest system for
determ ni ng radi r (RF). pat incl ude an RE _sour
Rgoq:[){)eV\Sg%%\%/%?{?esl(rla tlac?B_r é{éa#tf\%f:allu .. M%q:eo%e d:\éttf%?nln%_%g

transmtting y Tine granul’ari or "a - given
RF channel in &g veriRoff reguenes kardigeEhaa ysYsicdmdmsWasadimer iimncl ude an
RF recei ver generating 35 received signal strength indicator (RSSI) val ues

at a 5 relati WHAPTCSRITE S SRATEATY and HAVeS &F Gk ROIET Hdiéitesi s
about each trangjdi7qn betueenAHREENHRSRethod may also include

15 repeating the three determining steps for at least one
other given RF channel in the given RF freguency band
to determine a plurality of RF path losses, determining
an RF path loss function based upon the plurality of RF
path losses, and determining an RF path loss for at

20 least one other channel within the given RF frequency
band based upon the RF path loss function. The RF path
loss function may be determined based upon a least
squares algorithm, using a plurality of splines, etc.
[0018] By way of example, the RF recelver may be a

25 Global System for Mobile Communications {GSM) receiver,
a General Packet Radio Service {GPRS) receiver, an
Enhanced Data Rates for Giobal System for Mobile
Communications (GSM) Evolution (EDGE) receiver. In
addition, the RF source may be a base station emulator.

30 [0019] A test system for determining radio frequency
{(RF) path loss may include an RF source transmitting RF
power values at a relatively fine granularity for a
given RF channel in a given RF frequency band. The
system may further include an RF receiver generating

35 - received signal strength indicator (RSSI) values at a



val ues. Moreover, the systemmay al so include a test controller coupled to
the RF receiver and the RF source 5 for determning a pair of hysteresis
edges about a given RSSI value transitionbof the RF receiver based upon

sueeping R pouels Jal ety LEAIEI WS (AU S, pSauee d g gesing anc

decreasi ng directions. err may al so ermning a
10 rel ati onshi phipetewen 4 heoset atdatelyrdrigies igrramd ardadry 5 aqrowe R3] ues
and the relative coars ranul arity RSSI val ues using the hysteresis

transition edge® LRy i g’ HY FED AN 1D HOICHHE Gt Vit 'thannel

based upon a gid&h RS eAtcsudlaen Reower raldis;anthrilkp die qelahdnshi p
between the relatively fine granularity RF power values and the relative

coarse graful afdu yRSSmimine s Joo20]t Gardrendsi speid hg@bart lfods and
test systens ; ' ei.n for.. determni 1. radi at ed
receiver sensi ﬁ%ﬁ%}ﬁ]%ﬁvﬁe atq:c nasi\lr;ce or iérﬁ gﬁﬁgtgﬁg%ésle Igg%rs(?:egd
approach, whi chupsreatwese@i i@sF menst tialides searcdmiftatedSSM @t tdtdh&®F nobi | e
devices. The RBER vs., normalized TCH transmit |evel is |argely determ ned

by the nodul at iS5t WOl o St HithI2 GIRATS S5 1 SEFSTr BsP) o de.

Measurenent of & d1@nasfo 1S nfdpta J e 62 d-‘é*lfé%i(?{irflg”h?ti on show ng
the <characteristics of the receiver near the target RBER The conpil ed

data for oA€ chenmdlicapPliredatoredn theharemleltst walivhi fiirteh ey el dyzirtd. RFhi s
curve allows 30 predictive, rather than.estimated, transmt ey hange
WEhinite boutilies @ 150 A e atdie Vs, L= ISR oot he
transmt (TX) poveresatusiic e ymlidess irepardrs ia idrassigdd, BBER of 2. 44
percent or less, Oten the calibrated 35 base station transmt plovver is

decreased untilda%sgmgining the RF path loss for the given channe

based upon a given RSSI at a given RF power value and

15 the relationship between the relatively fine
granularity RF power values and the relative coarse
granularity RSSI values.
[0020] Generally speaking, methods and test systems
are provided herein for determining conducted and

20 radiated receiver sensitivity which use a channel
information-based search approach, which creates a fast
sensitivity search for GSM or other mobile devices. The
RBER vs. normalized TCH transmit level is largely
determined by the modulation method and digital signal

25 procesgssor (DSP) code. Measurement cof a range of this
data creates a curve or function showing the
characteristics of the receiver near the target RBER.
The compiled data for one channel applies to all
channels within the same band. This curve allows

30 predictive, rather than estimated, transmit level
change within its boundaries.
[0021] The sensitivity measurement is defined as the
transmit (TX) power at which the mobile reports a Class
IT RBER of 2.44 percent or less. Often the calibrated

35 base station transmit power is decreased until_the



desired RBER i s achieved. To correctly neasure device sensitivity in a
conducted node, accurate cable path |oss needs to be determ ned across the
channels in question. Wthin the desired bands, a random channel 5 may be

sel ected as rep(?%%fp«%.%éﬂ{l?ﬁ? iTQe?J:r?l ec?.nchFp%(?%%e%%i%rﬁeé)gm%]ed%sCan

range are sel ec ower imt 1S sele nimze hi ussi an
and other randesmabdtseieyron susaepidctad inydat avetyrdtow RBER: gdthis

preferably suffjciently lowto intain a large 10 overall scan range. The
upper limt is L%%%c’?% % 0M° ProtEet e HY N 9 12T T nHt e AT it I's whil e

mai ntai ni ng | ar gee VSRl 1w SeRIh raffeie dinted I RBER rdidid Sathie found
t hrough vari ous search nethods, as w | be appreciated by those skilled in

the art. 15500227y 1Bt tseleorededs ramaresnitive. tTee abover rotedippdni ts

use the highesty ffansmii |eyeladesolulion . Deeseasi g Jesolul i o, decr eases
predi ction accuracy ~over a non-linear system  The val ues are conpiled with
the TCH transmlimevels nosIwdia® oo Rairdom noitsegtanchid 41220 £1d aftHeat i 0

nodi fy the exact data curve. One approach_ is to apply a |east-squares

fitting to creat@ 4R NAPHH TP A 4P Eeur ch X v 7S Be ks &R 1 N nat ur e
of ~the nodul atjon, dhe- N0f fadi zed e, Wdi haves ihe fiordn Higy = Cex

between the | ower and upper  limts, where y 25 1s the bit errorratio, x is
t he normal L2ed OGHalk agvean trdreyeel  Trandi@eand dnir el v adeles-toet itved from

curve fitting, as Wl |l be discussed further bel ow._-[0023]. An exanple of an
FBER vo. | nor pat SR e R RN 410 T ho pornes are
the 30 nmeasur enmenin et nd@rt tde didiealils ddigh r d. ofhd NeweaumBEH i tting.

For all other channels, points on the nornalized curve are determ ned
using a "l eapf riogtit A THEG ddpiqust) afouitus SeREH maedsangs from

the 'Q“Br to tnﬁjﬂp%ﬂ'Aﬂﬂ?écié&g§Qﬁy@ﬁﬁ%éﬂgﬁﬁﬁﬂed in the art.

i5 [0022] Bit error measurements within the above-noted
limits use the highest transmit level resolution.
Decreasing resolution decreases prediction accuracy
over a neon-linear system. The values are compiled with
the TCH transmit level normalized. Random noise and bit

20 error ratio modify the exact data curve. One approach
is to apply a least-squares fitting to create the
appropriate fast search curve. Because of the nature of
the modulation, the normalized curve will have the form
of y=Ce” between the lower and upper limits, where y

25 is the bit error ratio, x is the normalized TCH
transmit level, and C and b are values derived from
curve fitting, as will be discussed further below.
[0023] An example of an RBER vs. normalized TCH
level curve is shown in FIG. 18. The points are the

30 measurement data, and the line is the result of the
curve fitting. For all other channels, points on the
nermalized curve are determined using a “leapfrog”
method. The leapfrog amount is within the range from
the lower to the upper limit. Consecutive channel

35 sensitivities often narrowly differ.



35 sensitivities often narromy differ. 7 [0024] Wthin the curve range,
based on the information of the |east squares curve, the change in
transmit level is calculated. The new transémit level is then applied to

the base stati | at or. achi g\ RB r get 449 is
confirnmed throug asurwérrtgﬁ?l. tt&ri\%y% evi aﬁiagl%%'s%gg%?ie%ﬁe(}@l\% a
reappl i cati on dmfidrenataramlafz echec Ureees tarseie rauc cessiey e t heo rifhiarat iion

measurenent. Increasi,ngly small target to  actual deviation increases

Roeur acy. thr ougtf A1y (A7 € 110 Sarnd evioHtichn oot aerad Nallsus ) o

m ni mal . [ 0025}:HRef eigd NG d fid itdld bats@ BitGtibn @nt@skosyStem 3 for

measuri ng conducted réceiver sensitivity is first described. The system 30

i | lustratively gaicdlavdss REER RRwedt (Sodride 3B couplieseto tarioaradhel d devi ce
15 receiver 32_t ed Lvi .RE .cabl. . y.Qf. exanple, the
e NG HRH Aﬁg; a%grlgtlé%o 1251 %grr%\ét‘é’?o rvql@bb

handhel d devi ce Teceiver 32 b ystem ile

Conmuni cat i ons He@pML ireadiorenft theCananall iRPack etu rRad ca.dSer wuee o(sGERRE)
receiver, and/or an Enhanced Data Rates for d qbal. System for Mbile 20
Conmruni cat i ons SCBSWMERFGHG MGR SUESREN tr-e dEIFERS IPGLY SR &2X& e b6 se,

ot her suitabl e junghess Ji8Goioveisic @Al $eRe MsedhLOGE6h 1 Addit i on,
the RF source 31 nay be one of a Rohde and Schwartz uni'versal radio
communi cat1on test glevizd ionJ 200 expactAg Vedtue8986 masémstlat i on enul at or,

for exanple, al h ot her- sui.tabl.e .emul-at or.s or, RE .test sources may
al so be used. Ato{bgs con[ﬂ{reglelré:rln&lins}%lg&ﬁﬁeéctoe ?’/c') tlheah?acr‘?gﬁcelsérsg:ee\% ce

recei ver 32 foRB0 genrf arrisngivar cousiucesld eperatieansecasd tiwdsyr érents, 30
which will be discussed in further detail below. It should be noted that

while the RF sddréé SESaRdPeest TheoRyPserer 034 Ldvs trpldyeryt ddcdd98epar at e

conponents in sn RF test source 31 coupled to a handheld device

15 receiver 32 to be tested via an RF cable 33. By way of
example, the handheld device receiver 32 may be a
Global System for Mobile Communications (GSM) receilver,
a General Packet Radic Service (GPRS) receiver, and/or
an Enhanced Data Rates for Global System for Mobile

20 Communications (GSM) Evolution (EDGE) receiver, for
example. Of course, other suitable wireless receivers
may also be used.

[0026] In addition, the RF source 31 may be one of a
Rohde and Schwartz universal radio communication testerxr

25 CMU 200 or an Agilent 8960 base station emulator, for
example, although other suitable emulators and/or RF
test sources may also be used. A test controller 34 is
connected to the handheld device receiver 32 for
performing various test operations and measurements,

30 which will be discussed in further detail below. It
should be noted that while the RF source 31 and test
controller 34 are illustrated as separate components in
the FIG. 1, the functions of the RF source and test
controller may in fact be performed by the same base

35  station emulator, for example. Alternately, the test



the FIG 1, the functions of the RF source and test controller may in fact
be performed by the sane base 35 station emulator, for exanple.
Alternately, the test 8 controller 34 couBd be a conputer or conputing

devi ce separat ' - i i y..1 hose
skilled in the ‘g‘?lﬁgpfqofo%]%a?w%g‘%éh a@%ﬂ%ﬂnééurrrpqg’? ﬁ%ﬁ%ﬁfﬁeﬁ%‘% 5
accuracy of a rasparzonduciredlseil tsontge Haswenent]l las apptedimted

appreciated by those skilled ip the art. One difficulty of performng a
path | oss neasurénemtss rF]%llthee‘gt“&oFﬁ‘? dirtion, however, is that typical

base station emdaiprs wWHdh rEPHS tpBa LA ielp Ao @Y 1eval dfk of 1 dB,
as noted above, even though the internal anplifier of the receiver 32 may
have nuch gPeatafcura@iredcyd Fatiexeomplected SHyutitt o7t viBrepyuranaiithi ng
si gn change inf 4 ' ecei lgvel, . it S
accuracy can th%r e oirfé r}:f)ée r%ér%reeoévle%&%doe%% p%]\.lgisred @,qylglsle\/\:ni I%b%%d ihé}s]lcta's zjenc?
further bel ow oiffi28]1dn diheaaserming £ qrdilctled g eoed sMeremerensin iavi ty
test, the path |oss of the cable 33 that connects the receiver 32 and the

base station entft3lt drOPBBWE W Ml CH Y briat dd@tate Rt 3t iRATS 20

strai ght f or var ds @gCiAtEyPaidh A Ossn IE Shent Adnolves ; chanaipg dhe
internal anplification of the receiver 32 by 0.1 dB increnents until the

desired RS$P edyle Pbidh, ass robiegl rdthvaHowemasy thdugthetst amtanagpbint is . 9
kilﬁf e@?& %IJ’Ea %1 %ned’ uchi t hreé&iq%ceog e,
ge ngly

dB from the edge paint. Jd uidl.dal _
i ncr eased neasur emen ime to 71'n e e ol nt. ccor , nore

conpl ex test sciwiBsdpy i disethlso redugenithenunss. dy depsiditaf Wil |
be required on average to find the edge point and, therefore, reduce test
times. 30 [0029)IForelensifplidf Y iy Rd y-hfore Comepover level,

the path loss accuracy can therefore be improved to

15 +#0.1 dB, as will be discussed further below.

[0028] In the case of a conducted receiver
sensitivity test, the path loss of the cable 33 that
connects the receiver 32 and the base station emulator
31 can be well calibrated. One relatively

20 straightforward accurate path loss measurement involves
changing the internal amplification of the receiver 32
by 0.1 dB increments until the desired RSSI edge point
is cbtained. However, if the starting point is .9 dB
from the edge point, it will take many steps and,

25 therefore, increased measurement time to find the edge
point. Accordingly, more complex test schemes may be.
used to reduce the number of steps that will be
required on average to find the edge point and,
therefore, reduce test times.

30 [0029] For example, one slightly more complex
approach is illustrated in FIG. 9. Beginning at Block
110, the desired TCH power level is first set on the RF
source 31, at Block 111. The internal amplification
level of the receiver 32 1s first changed by a coarse

35 increment, such as the difference between the reported



approach is illustrated in FIG 9. Beginning at Block 110, the desired TCH
power level is first set on the RF source 31, at Block 111. The internal
anplification level of the receiver 32 is%irst changed by a coarse 35

I ncrement, suchpasrthe didf é@éﬁf@ep% Fhd he-i ?&éfﬁle%eﬁ%il &théﬁe

recei ver and the TCH power [evel or ot i nteger value, at Block 112. The
edge is then fourtedyr whbngi gt thieodintlekhal Treaarpidde clag i Oren efmindfbit he

.receiver using fine increnent (e.g. ..L.dB) until 5 the edge transition
i s observed to provdded ¢ epjd?%eér}ao]ss%mp(aﬁtllféi%%%oril Y8, ° 5t i ch poi nt
the internal amgtdiicatiomyad ueif the-deeal ves. 82, may1 hes)saint@nd/ or

recorded (Bl ock 115), thus concluding the illustrated nmethod (Bl ock 116).
10 [0030] SPat ddhaald¥FhatTamtitiahe & uaered dyy dhroeihdeds thith nt er nal

anpl i fication by, the differance s hotupen TCH J aysl, and meported RSSI . Since

in the present exanple the reported RSSlI is an integer value, this gives
an accuracy of dmplB.fikeet 'dn metlisearic thdhereckSiwet 633rinmas Hdesaddge bet ween

two consecutive | readi .. 1.0031] her_vari ati ans, of the coarse-fine
edge point detaerblﬁs/i%% %ep‘b?%g%ﬁ “F&f‘% éol(gr)e' JEp C(%rhcg]ruaqjﬂﬂ {}beeaki ng, the
coarse portionsofudiheseseahes aed0 fagyrly simlar, so particular
attention will be given herein to the variations in the fine search that

may be uséfl asl®MBftlopri attetfest ad tfinpat vl emdftat i rs®t isrardear ch
general |y i nel udes, 41 8,51 085, 5 5h, LA FSST, A (81 & dhe desi red
e e

| evel by adjusting I'nt erna anplification and evel” of the
base station émtwicar TA¥eXtgvdlhandtrepmadteahdST catire iis ddienged in a

series of successively decreasing increnments to find the edge. These
i ncrenent s shol* @S SFawks fthgg reported RSSI is an integer value,

this gives an accuracy of 1 dB. The “fine” search then

15 determines the edge between two consecutive RSSI
readings.
[0C31] Other variations of the coarse-fine edge
point detection approach may also be used. Generally
speaking, the coarse portions of these searches are

20 fairly similar, so particular attention will be given
herein to the variations in the fine search that may be
used as appropriate for a given implementation. A fine
search generally includes three stages. First, the RSSI
is set to the desired level by adjusting the internal

25 amplification and the TCH level of the base station
emulator. Next, the internal amplification is changed
in a series of successively decreasing increments to
find the edge. These increments should narrow to 0.1 dB
{or the accuracy of the given internal amplifier) to

30  ensure the accuracy is also 0.1 dB. Finally, it may be
necessary to “step back” to the edge point, as the
measurements may have left off 0.1 dB from the desired
RSSI.
[0032] Ancther example of a fine search is now

35 described with reference to FIG. 10. Beginning at Block



(or the accuracy of the given internal anplifier) to 30 ensure the accuracy
is also 0.1 dB. Finally, it nay be necessary to "step back" to the edge
point, as the nmeasurenents may have left fif 0.1 dB fromthe desired

RSSI. [0032] An er a i r i o} descri W th
reference to FI gaioFﬁéeg?%ﬁi%ég %?{B ocﬁﬁo&gﬁ%ﬁ?@t#@; Slg§séi;€(?kto t he
desired | evel, 321Bl ac# tH21inaenthd hearmmt &f irad t 2owpl cHareadd oin dhahgékl in 0. 2
dB increments until the desired RSS| is no longer reported, at Bl ocks
122-123. That i$7CHFFERta Wbkt SE3tE %%%,%Jc%m br9®%kn one and

five), the returasdrt&SSlamislomed 1@dcipd herlesi 1ed devel simedher
internal anplification will have junped the edge by 0.1 or 0.2 dB. Thus,

decreasi ng dr "steppi gybbeklly heetvererond anplifvehat i Ure |estdried 0.1 dB
increnents wl |l fi t i i i r eps, at

Bl ocks 124-125 %%‘g%eeﬁlgf%glbﬁ%gﬁag@vﬁg%kgér (f#e{%%ef%g%f %ﬂr%%ﬁt%%/ 0.1 or 0.2
dB), thus conclugiéagnd heampld fisdéatad @d wiel haoh (Bl pakpd@6)he [D33]bAmDIher
fine search process |s now described 15 with reference to FIG 11.

Begi nni ng at BI®tk? 13078 t MEPURSHSTLEBNY P hed iR 17 havsel ,*his di scussed
above, and themtdend ntapad £ ool i §d catdon 15 0 ner@Rsetk Mndhids W81

increments until the RSSI is no |longer the desired value, at Bl ocks
131-133. Odfe thendRSSte cddgngasyinwe 2ennsecuts ver OLWo dB earansatwi |1 yiel d

a change in RSSl, h C [ an edge, at_ Bl.ocks 136-138, and the
internal anpli %lc%(f]%%ﬁleisoj?é%rg% eedmglyrg%).%odh “frﬁtlé@r )Gqu%uwsasconcl udi ng
the illustratedjumiddoy Fpr1 exan ep)i f dhes ssbRdidinghange is 0.1 dB
(e.g. +0.2 25 and then -0.1 dB, totaling +0.1 dB) and this produces a
change in RSSI b et sthandiaf f RAREX A3®rnat i vel y,

[0033] Another fine search process is now described
15 with reference to FIG. 11. Beginning at Block 130, the
R3SI is set to the desired lewvel, as discussed above,
and then the internal amplification is increased by 0.3
dB increments until the RSSI is no longer the desired
value, at Blocks 131-133. Once the RSSI changes, two
20 consecutive 0.1 dB scans will yield a change in RSSI,
thus locating an edge, at Blocks 136-138, and the
internal amplification is decreased by 0.1 dB (Block
139), thus concluding the illustrated method. For
example, if the sum total change is 0.1 dB (e.g. +0.2
25 and then -0.1 dB, totaling +0.1 dB) and this produces a
change in RSSI, an edge has been found. Alternatively,
if the internal amplification is changed three times
(i.e., 0.9 dB) without the RSSI changing from the
desired value, at Block 134, an edge is also located,
30 as a 1.0 dB change will change the RSSI since they are
reported in integers.
[0034] Another exemplary approach is now described
with reference to FIG. 12. Beginning at Block 140, a
starting actual RSSI value is -80.47 dB, and the
35 reported RSSI is -80 db (Block 141). The internal




w thout the RSSI changing fromthe desired value, at Block 134, an edge is
also located, 30 as a 1.0 dB change will chlange the RSSI since they are

reported in int - chhis cri bed
with reference %’ggﬁ%&%‘gf’%eg?%% %?8%%%%&11@?62@ %'ar%?%i%g]?ual RSSI
value is -80.47148B, cnshdghey 3the eporued BHSH valudOdb-{B BtkiHAlInd The
internal 11 anplification.i en i ease 0. B, at Block 142,
changi ng the actt I??@ﬁt%léﬁfotq 7_870% B&ﬁ%‘ak f‘hﬂ T g SRSl to -79
db (Bl ock 143),chndi €& | fge tHRY B edaes has. bean d.a5sadp The Dextz step
is a 0.3 5 dB decrease, at” Block 144, which changes the actual RSSI val ue
to -80.17 dB, a®d deereapor tald RSk Petks twhiclBochingqest déie mBhual ndi cating

the edge has b C ac ver . As t {nte i.fi.cation
is increased b§§%SI.L %%,ﬁeg?t% gé&'ojlﬁé:,m'ch%r?%?%e tﬁ%)él%gea%?géaﬁﬁ%ﬁﬁvg ue to
-80.07 dB, and t+Hhe depmBledk RS ), ramh st 2ig -180: dbddBlheck Hadet) , neani ng

t he edge was not crossed. Accordi ngI%/, anot her, 0.1 dB increase is,

performed (Bl ockA¥BIT Rl Eandes TH actifal RSN, AMRL k0L CF 9L Yy dB,

and al so changess the-repard ad, RSS db, to -FdB 14duscH 'trigEQ:Hé‘e edge
(Block 149), and concluding the illustrated net hod, at ock 150. [0035]

It will bel&ppraciwaedRIYL tobee sid 118 0'h di hearad tthchateprarhediBiekent
edge | ocation Sfehn?a”fss I _é}?ﬁe&&%ﬁg %dg)st agnndie gttshesuec ess‘ﬂllé%,né%mp IS

20 typical ly any nunber” from ’Jumrfep va carr charnge or
remai n const antcfdds&ACmE&E®pinkfl ghaaserhan EPprapriradeam.d hiad for a given
application, variation of the data and average perfornmance are _inportant

consi der at i ons.PEorOEHpiRLOGH thE&el 4thid) yhanges the actual RSSI
value to -79.97 dB, and also changes the reported RSSI

15 to -79 dB, thus locating the edge (Block 149), and
concluding the illustrated method, at Block 150.
[0035] It will be appreciated by those skilled in
the art that many different edge location schemes may
be used. The first, and each successive, jump is

20 typically any number from 0.1 to 0.9 dB. Jump values
can change or remain constant for each step. To choose
an appropriate method for a given application,
variation of the data and average performance are
important considerations. For example, with relatively

25 “flat” data the approach illustrated in FIG. 9 may
locate the edge quicker than the approach illustrated
in FIG. 10, but the opposite may be true for “sloped”
data, potentially by up to three steps.
[0036] Still another approach now described with

30 reference to FIG. 13 is a five-step path loss scheme.
Beginning at Block 151, the reported RSSI for a given
TCH level is obtained, at Block 152. The first step
includes determining if the reported RSSI is the same.
as the TCH level, at Block 153. If so, the method

35 proceeds to step two. If not, the internal



25 "flat" data the approach illustrated in FIG 9 may |ocate the edge
qui cker than the approach illustrated in FIG 10, but the opposite may be
true for "sloped" data, potentially by upi4o three steps. [0036] Still

anot her appr oach, oy fescr bed b, 30, 1efsr S5, 10, E Gudehip, 8 ([ide-step

path | oss schene. grnning a e repor or”a ‘given
TCH | evel is obthénesalrtatuBhockndbZneTbetfonisthbgtepe dhttadescaeserahai ng

if the reported RSS|, i sape as the, TCH e], at Block 153. so,
the. ot hod 36 pFORRERRT (0h <t b 1. CH BETH (el s hal 24 251G 4 vat | on
is increased (orndegépasssheepents sy UPoMmenh NeohRaitdEUl BT od Pl S2ENt AL ON)
by the difference of the reported RSSI mnus the given TCH | evel, at Bl ock

154. The néw rEpor3eaPRISIO | Shidegh obear nidee (Bl iowknab Bmp bl Gafion st eps

decr casi ng i norsienia S o = G LA ect S 1M SRS 18V Tobeny
I f the reporteddiRSSD. 2 sdmpotaridied san@k asat helodlasks56 eported RSSI after each

of these changeso then 10 _t he si]gn i s changed before the next step (Bl ock
158) to step i POYHB! opposh t&1 @i reRe T (RS2 , 1DRAE titRrPthers ddife) . Once

the first four siepsrapS-cImigied rtde Lif tde stipnd nuelvess ongg.agai n

determning if the reported RSSI is the same as the |ast Teported RSSI, at
15 Bl ock 180, afkeifigo harpmaed Heefoteriha nemplitferatBorchyl 8B ©WB once

again (which w ]l _ be t edge nd obt ai.ni ng t.he report.ed RSSI t Bl ocks
161, 162, to condl ulopehE e ?F?Ef%ss]‘tatr%t Jdren%tfjh%rg élBleo'c’in%%S fjto“ﬁﬁri tg}bepr oach
i s advant ageousedde t haindd tid | f T ef@er 26k the: edgopoied, WiHdin five
steps, which provides good overall results for different curve types.
[0038] Use of af PHth 368y @i Prre edaetdfiermining if the

reported RSSTI is the same as the last reported RSSI, at
15 Block 160, and if so changing the internal
amplification by 0.1 dB once again (which will be the
edge) and obtaining the reported RSSI, at Blocks 161,
162, to conclude the illustrated method (Block 159).
This appreoach is advantageocus in that it will converge
20 on the edge point within five steps, which provides
good overall results for different curve types.
[0038] Use of a path loss search in a test method
for determining conducted radio frequency (RF) receiver
sensitivity for a plurality of channels extending over
25 one or more frequency bands will now be described with
reference to FIGS. 3 and 4. As will be appreciated by
those skilled in the art, receiver sensitivity is
defined based upon a traffic channel (TCH) power level
at a desired bit error rate (BER). BER is an “end-to-
30 end” performance measurement which quantifies the
reliability of the entire radio system from “bits in”
to “bits out,” including the electronics, antennas and
signal path in between.
f0039] Aside from the relatively poor reporting

35 accuracy of receiver test equipment, another difficulty



for determining conducted radio frequency (RF) receiver sensitivity for a
plurality of channels extendi ng over 25 one or nore frequency bands w ||
now be described with reference to FIGS. B3and 4. As will be appreciated

by those skill E%T%Q_&éﬂﬁiﬁiﬁ%%gﬁswﬁ g& §i£i¥i’g$}t£§ Agt! ped, %@E&%’ gpon a

traffic channel power Sired error ra BER
is an "end-to 30=endiiperfonsamntegnpasueesenThahi £h, qunetefaes the
reliability of the, en%ire radi o sy sten1f{on1"b its in" its

i ncl udi ng the eF¥RiFdht ¥sPUART ARSI ane %lﬁh%?l%a?hc?%iﬁﬁ?ﬁe@ﬁn {Oﬁ@@]

Aside fromthe getatively QO0IcEeRQyt P30 a6eLFagy10ip18CELNGE, t &St
equi pment, another difficulty 13 in determ ning receiver senS|t|V|ty i's

that it can he BOt§@rgbevae Eowsund n@elra%*@?e*gstym@@sugemehbr@o*a%mg

typically numeroys <|‘}faﬂiﬁ‘§' %hé{‘faﬁé‘i k%}gdé‘ Q@PQeTﬁgg £ 8c&&hha ar device

may operate over ove a sensitivity
measur enent coviesung, am& @ﬁemh&aphanM@leomﬁE@t@y a device may take many

hours, and even to co 0040] To reduce receiver sensitivit
measur enent H&@X&% relg?rg% yoe g?c%b BT tPORE YL SBEF R NSR HOF FRFIMT 10 ?s

preferably usedtnﬁ@gl r@lﬁ@léﬁlﬁéwkfé@t sdndei PAED LOsscRTaifier Rmpabl e 33
is not already known, using one of the above-described path Toss searches

(or others)l0a batiresesallycesen. N BelveRg atfeoRibe gk b0 det Brivhaicph that

Bl ock 48'. More ti I | 9$S. as i t 15 the. RF cable 33
o e i 1 1or KPR S E R e PBLT, 885, 18 ot ‘%t']fe T eg%?‘élg') B (i e
will be a genesaltlye |ldmess-desatioand Qﬁmelbéél%@aﬁ@h@sl 058 oMiedties. a
Accordi ngly, by deternlnlng the path loss of two separate channels (e.g.,

the first and IR&YD 2PThahimefsiom mhe FamNtaLPEhbarPpaArt ¢ E8$Unctl on

for Block 48’ . More particularly, path loss associated with

15 the RF cable 33 will be different for different
channels (i.e., frequencies), but there will be a
generally linear relation between these path loss
values. Accordingly, by determining the path loss of
two separate channels (e.g., the first and last

20 channels in the band), a linear path loss function for
the RF cable 33 can be quickly generated. This provides
a quick and accurate approximaticn of path losses for
all of the channels, although the path loss for each
channel could be measured separately in some

25 embodiments, i1f desired.
[0041] Furthermore, a BER versus TCH power level
function is‘determined for an initial channel, at Block
41. The initial channel could be any channel in the
band, but for explanation purposes it will be assumed

30 to be the first channel in the band. It has been found
that given enough sampling frames, the general shape of
the TCH power level vs. BER function for a given
channel in a frequency band will be essentially the
same for all c¢f the remaining channels in the band.

35 This is due to fact that the function is determined by



the RF cable 33 can be quickly generated. This provides a quick and
accurate approxi mation of path losses for all of the channels, although
the path loss for each channel could be nkasured separately in sone 25

erbodi rent s, 1 f deshpady oL 00411 FURL ehoheq, 2 BER et sus, ICH power | evel

function is determ ne or an rnitral tial
channel coul d béDaRy shgonéthmnof hehe blamddhéut! a‘.iemeaplapawlpno:burposes it

w ||l be assumed 30 to be first nel the band. It has been found
that gfven enouBHEBRNGT| REREAfber GHAKGBRA LR ELRRRECORMEt haTTeR: Hofer

l evel vs. BER fy@%t@@ngmpafgtvgm @@ar@@érw Betrgarengy band will be
essentially the sanme for all of the remaining channels in the band. 35

This is dueXo ¢EeeneRhial hEorncthonBER Wet eFGilnkevey functhen npledati on

scheme and di git gkeé'ﬁlﬂé' £BERSER ID S BB PR OO HLIG Ol Ll RIS |

device. By way of “exa nodul atioh sc
rel ati onship fomeERLs'sfueo’ei@xy Mrfmmdhﬁsramé exgponehf i ahigorm the BER

vs. TCH | evel nctl on also  takes _the for f gn exgonentl al . Thus, once
the shape of t FRCF 498t FoR e W%%%dt?o?aﬁh‘é ¥hiptere thEsTCHunction can be

used to rapidl ﬂé*@@EI’@ai@@tT@ﬁ ;B@M%/f@fggécﬁE&p@h@tfépio@%@ of the
following 10 channels, as wi Il be discussed further below [0042] In

particul ar 10t hecmlvbfﬁsu%s T‘Gﬂbd&@rdiwseﬁuﬁ@rtW@EH@Ver m ned for the
initial channel 56)(%(%1% téghn}g%rgscp&gé ve T \A@ér%ﬁget@f or & piéj‘;ea ity

of BERs within and’ det er m ni Ny versus TCH
povver | evel funﬂhmm@@sm dl@@eﬁh:zﬁi’teed nBss utt iesl ﬂEE@lan thent@r gef BER range
(i.e., curve fitting based upon the measured val ues), at Block 41'.

Typi cal |y speakiSREUBHEY BEFPSAHUER ¥§qrﬁ9W%Fr%ﬁY?¥ﬁn%ﬁr a plurality
of BERs within a target BER range, and determining the

15 BER wversus TCH power level function based upon the
measured BERs in the target BER range (i.e., curve
fitting based upon the measured values), at Block 41’.
Typically speaking, only BER values within a particular
target range will be of interest because values outside

20 of this range will result in dropped connections, etc.
By way of example, the target range may be about one to
three percent, although other target ranges may be
appropriate for different applications. Various curve
fitting approaches, such as a least squares approach,

25 for generating the BER versus TCH power level function
will be discussed further below.

[0043] To find the edges of the BER target range, a
coarse search may be used that invcolves stepping the
TCH power level in relatively coarse negative

30 increments (e.g., -1.5 db) when the measured BER is
less than 0.5, and relatively coarse positive
increments (e.g., +2.0 dB) when the measured BER is
greater than 3.0. This gives a relatively close
approximation of the target range edge points, and

35 successive measurements within the target range may



target range will be of interest because val ues outside 20 of this range
wll result in dropped connections, etc. ]5%/ way of exanple, the target
range nmay be about one to three percent, t hough ot her target ranges nmay

be appropri at eﬁlflé’ﬁ G fhesentc %é@?&éﬂ‘%'ﬁ’@@&??%f’ﬁexﬁé‘f“ ng
approaches, such as a l'east squares approach, 25 for generating the BER

versus TCH poweintesménfanttion il ldbelntdsousses) ftur tgwervidt ovhe [ 0043] To
find the edges (ﬁftthe BER t (%r)]‘g,;\:t rangés., a, _coarse search may be used that

i nvol ves st eppi Ag-T Het % UEYet i 1% ati vel y coarse negative 30
increnents (e.groo44; 5 dmumpentithei npasyrashBER-i sce IRsSadd@BER Ja@nd
relatively coarse positive increnents (e.g., +2.0 dB) when the neasured

BER i s greaterishahtan (acommraniebdn relefi Versn cissgoh appr ssematdbn of

the target range g i Nt %ﬂ_gﬂ L*Faﬁ%[saﬁ' 1V WEJQ%I[H‘ i t.hi e
target range mm . ? 15&% héﬁl% rra%%‘%t re atlle\ejsé)l y m%v%ﬂésp%gv\ig Inte%/é(;l
increnments (e.gres@ltlardB dountrament 8epgeangEmovivertdielexdateapol s for curve
fitting. [0044] Curve fitting.s propri at e, because BER dat i.,s often
accompani ed by HOTSES Mo g BT Bbri T i it s Ll erifont

vari abl es) renshi:&Rsd A 1sd hehore i tantvOUt GOMES; ( dapandents vari abl es)

vary. A process of quantitatively estimating the trend of the outcones,
al so knownlfs degsengs tusefgil + Hdreforere of Yecgre Pumedad fife curve fitting

DrOCeSS 1o, SHELH IR Ve AN 1 e, e WA Tt o
the data for thmsiBER ass.willGHb& mgpevet i St thwrthcsqgenardldd expanent i al .
Two exenpl ary —
[0045] As noted above, the data for the BER wvs. TCH
15 level function is generally exponential. Two exemplary
curve-fitting approaches that may be used to fit an
exponential curve are a least sguare polynomial
approximation and & non-linear (i.e., exponential)
least square approximation. The theory and
20 implementation of a least square polynomial
approximation is first described. Since polynomials can
be readily manipulated, fitting such functions toc data
that does not plot linearly is common. In the following
example, n 1s the degree of polynomial and N is the
25 number of data pairs. If N=n+l, the polynomial passes
exactly through each point. Therefore, the relationship
N>n+l should always be satisfied.

[0046] Assuming the functional relationship
30 y=a,+ax+ax +L +ax",

with errors defined by

_. _ _V _ _ _ 2 _ _ n
e,=Y—-y =Y Gy — X, — %, L -ax",

i i i



curve-fitting approaches that may be used to fit an exponential curve are
a | east square polynom al approxinmation and a non-linear (i.e
exponential) |east square approximation. The theory and 20 inpl enentation
of a | east square pol ynom al appr oximation is first described. Since

pol ynom al s can_, be readi | ulated, fitti such functions tq data

t hat does not pWB? Fi gaarrq ei se OETTTFE}? qbi"fﬁ’etﬁr‘ﬁ?c?%rl g\iﬁpr?dfl &3S s the
degree of pol ynom al and qﬂ“ o Eai rs. tH N =n+l, the
pol ynoni al pass%grrgxgg?ﬁ?n?hif%uﬁ'ﬁ ewafc p)f)I treeTﬁ' rg 6P&r thHE P8fMafionship
N >n+1 shoul d alsgg@ﬁegeofa%éféggorgo‘gllﬁl }ﬁésum ng the functional

rel ati onship 30 y=ao+at x+a2x2+L +ax’ errors defined by e e =Y-y
=1-a0 -a x-ax-L -ax." 16 where Y, represents t he observed or experinental

val ue corresponding t gth x; free of error, the sumof squares of
the errors will be 5 OE(@H &, =p( Yoxo-@X-—ax2=4,%, ) ax, n)2 At a mninum the

partial derivatives SS SS 8S*are Saa' gat, ,8an zero. Witing the
- equations for these terns gives n+tl 10 equati ons as follows: BS Nr

=Y2(Y_ao-al x, - 'At'g’ﬁﬁﬁgrﬁﬁr&) el p&re'l;? O 73 64 - 80" B, -68. axSSn)g X)

da, Sa,’ da,

zero. Writing the equations for these terms gives n+l

10 eguations as follows:

58 &

—=> 2¥ —-a,—- —e—ax ) (-1
5a ;(,% ax a.x")(=1)
o8

5—%=§2(K—%—alx =] )(-x;)
M

58S ¥
- = ZZ(K —ay—ax = —ax" ) -x")
da, ‘T :
Dividing each equation by -2 and rearranging gives n+l

15 normal equations to be solved simultaneously:

a0N+aEZx,.+a22xf+---+a"2x,” =37
aOin+alzx,.2+a22x,.3+---+an2x,.”“ ~—-in}’;
aoz:'x,.2 +a]Zx,.3 +a.rZZx‘.4 -1—----4-:;1"le."+2 =Zx,.2Y,

M

@Y % +ay x"Ma,y x " eta, Y xF =D x"Y,

20 [0047] Putting these equations in matrix form

reveals a notable pattern in the coefficient matrix:



Sao
equation by -2 and rearrangi

;=1 M(SS N 2(Y-a0_al x, -...

San | =1 Dividi ng
equations t

_a, x.n)(-xn)
ng gives n+l 15 nornal

each
o be sol ved

si mul t aneousl y: aON+al | x +a2j x, 2++anj x; n ]:WY aOXx +alZx, 2 +a2y, x, 3
LFanXx(n+l = | XY, 2 +a, a [4 X n#2r ZXi2Y,. ML
L a0Xxn ( +al | xn+1+@21%, n+§~2} ﬁéx Zﬁf ;;l 47] Pultli nf these
equations in matrix form v;ehl sthota 1 pa,tte "l”n ae| codf kirc| ent
matrix: 17 N Ex; |x[<1X, 3Xx ae | 'JP\S/IX XX 2 I3l X, x;&;k al ExY
Ix," x3 x4 x,' L x,H a2 &X2i YZMEM M %/ n T 21 ] X, +n+3
L | x2n an IxnY This/ mdrix &fuatidd is cMIethheMor IM rid fpr 5 the
| east - square proble st Q] n@n n+3 2n2 an nknown
coefficients while x;za zre xl gl“lJQ unkn c e ?’lm eZIP}u , a,,a2K
an can hence be obtai ned by solvi ng the above matri x equations. [0048] To
fit the curve Y, it is required to know 10 what degree of pol ynom' aI
shoul d be used %1@ %tH;E {J‘? fatay o AS _’Efeed éeﬁo%af%g@om a
i ncreased, the eviat | ons o Fle pol nt Fromthe curve Ts 7educed 1 untll
t he degree of polynomal, n, equals NN1. At this point, tgeglea@aan exact
match. In ternmst }6%/ LeagistqRare 1}SI?%efﬂeg¥%etfb¥sa%%¥%§+%tl " the

PO YOl 151 058 &3t A5 088; 284 RSN B 2, SLALL S 52L1 Y2510 Bhgant
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ay,a,0,K a,

unknown coefficients can hence be obtained by

solving the above matrix equations.

[0048] To fit the curve Y, it is required to know

what degree of polynomial should be used to best fit
the data. As the degree of polynomial is increased, the
deviations of the point from the curve is reduced until

the degree of polynomial, n, equals N-1. At this

point, there is an exact match. In terms of statistics,
the degree of approximating the polynomial is increased

as long as there is a statistically significant

decrease in the variance, ¢, which is computed by:

2

2 _ ef
o= NIt

[0049]

in two exemplary implementations using C++ and the

The approach illustrated above was programmed

normal matrix was solved using two different methods,
namely the Gauss-Jordan approach and LU decomposition,
as will be appreciated by those skilled in the art.
Although both of these methods produced comparable
results, the LU decomposition method was found toc be
more desirable for the least square polynomial
approximation program because LU decomposition provided

desired performance results.



decrease in the variance, (72, which is conputed by: 2 62Y, e,. Nn-1 20
[ 0049] The approach illustrated above was progranmmed in two exenplary
i npl enent ations using C++ and the normal B&trix was sol ved using two

different nethogdgosdy namelLy LPe,CaysssJordan,approgach. and Lt opnieq
a eg gtlﬁle in :

deconposition, "as will be appreci y those e ar
Al t hough bot h oot hkae iret hedsbpe otucedlcoipacabhe coesfiitsent hef Lthe

deconposition nmethod was, fqund to be npore desirable_for the |east square
pol ynomi al 30 appPoRFTREFs 5?6&?aﬁ%%@%%%s%qﬂﬁﬁaﬁﬁoﬂBoE?FYﬁ%gp&%gF%%d

desired perfornpaconbRsHlsSwidB a&§PSOLF dhezabgyesnglgds Grdrprogeam yas
inplemented so that it is able to calculate the coefficient of the

approxi mat ed cufie @i curvg egadnsonBbR dJaryi ngldegr eend Pol yasnfaisdwith

degrees of 2, 3., 4 : e j r I n ER dat a
val ues, and it aggt?gﬁﬁgdmﬁégfg§h??%y%gﬁiéé %ﬁﬁéﬁ%ﬁggﬁgéﬁgéﬁged t he nost
advant ageous readiastadboespacsutus arlyre degreesubigher déhades hheghdird not

show any signifjcant inprovenent in the fitted curve. Therefore, a third
degr ee po|ynon15?a&otv£§eu§éﬂ RQE £ FROW iR ¥ uP Ve hbar ARt BERReEevhI tRs.

[0051] The theofﬂeafﬂtiéﬁlFﬂ?@éﬁifﬁﬁké%oiétté”@hﬂ?@'dé&ﬂ@@TpG FNERi MBI NG A

| east squares approach will now be described. I'n many” cases data obtai ned

from expedinerita$ weedstosthbotthe nearve Asgsieht BERigalls nwebessary to fit
Commn Torms ¢ htdCokhy Dottt ol Rt I Ao srmoRroh THEE T 08 or
y=aebx linear curves using a least squares approach will now
be described. In many cases data obtained from
experimental tests is not linear. As such, it is
15 necessary to fit some other function than a first-

degree polynomial to this data. Some common forms that

may be used are exponential forms of a type y=ax’ or
y=ae™.
[0052] Normal eguations for these forms can again be

20 developed by setting the partial derivatives egqual to
zero, but such ncenlinear simultaneous equations are
much more difficult to solve than linear equations.
Because of this, these forms are usually linearized by
taking logarithms befofe determining the parameters,

25 for example, lhy=lnha+blnx, or Iny=Ina+bx. Then, a new
variable is introduced, i.e., z=Iny as a linear
function of Inx or‘x. In this case, instead of
minimizing the sum of squares of the deviations of Y
from the curve, deviations of InY are minimized. To

30 find which form of curve best fits the BER data,
MathCAD mathematical software was used. A BER curve was
plotted using MathCAD and different forms of the curve
were fitted against the BER data. It was found that an

exponential curve defined by y=ce”™ provided a desirable



[ 0052] Normal equations for these forns can again be 20 devel oped by
setting the partial derivatives equal to zero, but such nonlinear
si mul t aneous equations are nuch nore diffi%ult to solve than |inear

equations. | Becpuperof Lhlsankfeses ! oriB,aie, usuallyelineatizefhby taking

| ogarithnms before determ ning the paraneter or exanp | na+bi nx,
or | ny=l natbx. ghenjda dewredriabhetssinndidbikced; inglemastayia@ssa |inear

function of | nx In this case, instead of mMnimzing the sumo
Conareaof t o EB05EL; onsbard VRSt IREES & widLh arll 2 e &
mnimzed. To i nd. whi r.m cur est. fits the BER data, NMat hCAD
mat hemat i cal so??%\érngcgg ?s&eg?leAd%Eﬁ %l?\ri\?lggwég‘;e& %tst ed using Mat hCAD and

di-fferent f@rns(,g)gjyéj,@eiyc};r..\(ﬁ eregbibtted agaidst itrgfe R eegﬁtaa. It was

found that an eéxponential clive defined by y =ce' desirable 19

fit for the BER gaiap1al t pough tathek thaehi-09s TBY 1Pl @hipdevdesi ted results
in different inplenentations. [0053]p Data linearization is used to fit a

curve of type yumigex ¢O f.he mates pdatsingamizastite (ddta), )g (X2y2)ibaN, yN),
where x is the independent variable, y is the dependent variable, and Nis
the nunber of XEyoofh rsidas 15 dedise e daltd =Hdbgar i Then af clher®esi des

is taken, i.e., Lny=Inc+ax.. Then a change of variable ig int uced,

narmel y X=x and (#:I%?g’l)a %) Jv%ijcrﬁcﬁ?cg%% s BHLE BhuAtT Hn? aaﬁfh’&f * This
equation kg a Jinsar,sauatd ond | aplL ' can be
appr oxi mat e V\n‘f a | east é'ssgtrjltaré; %Q%eﬁ@%#?h?(%gﬁgm)dYﬁﬁﬁ%% ?Atfely%?, in
this case, In(y)swllihen atf1dn PRI feddn o1 88ds SgUaRY appr axmati on
instead of y. 15 Conparing the last two equations, it is noticed that A=a
and B=ln(c) . TR baarhkidsded eviided t oleanstquastte thaeoedf itdient s

which are then:H§89 fguiiE:B. However, in this case, I(y) will be used
for performing least square approximation instead of y.
15 Comparing the last two equations, it is noticed that
A=a and B=In(c). Thus, a=4 and c¢=e&’ are used to
construct the coefficients which are then used to fit

the curve y=ce™.
[0054] This apprcach was again programmed in C++.

20 The normal matrix to be solved for this method was only
2x2} which was solved with a relatively high degree of
accuracy. Plotted curves for two different sets of data
using this approach are illustrated in FIGS. 14 and 15.
[0055] Both of the nonlinear exponential least

25 sqguare and least square polynomial approaches described
above approximated the original data with a relatively
high degree of accuracy. Generally speaking, the
margin of error of the curves generated using these
approaches will result in less than a 0.1 dB margin

30 of error in the sensitivity measurement. In addition,
the results provided by these methods are also very
close to one another. Below are the results obtained by

performing exponential and least square polynomial



the curve y = cex . [0054] This approach was again programred in C++. 20
The normal matrix to be solved for this nmethod was only 2x2, which was
solved with a relatively high degree of aEt{turacy Pl otted curves for two
different sets i 14 and
15. [0055] Bot%p?&%%ayn%él ?%ﬁeglfﬁeexpone |aI eastlt %Féeﬁ%e@%g%%east
squar e pol ynoni &l ami)paia)taa:rmst desciebed's 'abmmeqmrmltmaé ededmeaodi gi nal

data with a relativel egree of accurac General | y speaking, the
mar gi n of error®of°¥ ?}g‘rﬁ?%ﬁ%ﬂ WS P e L Apr SLSHY1 result

inless than a 0.1 dB margln 30 of error in the sensitivity nmeasurenent.

I n additiong the £epud ts, provi ded by t hese nethods are also very close to
one another. Below are t e resul ts obtai ned by perform ng exponentl al and

| east square pol ynom al @ezgr%pgwlgf I:oncth g sets of 3d§1t'a narrely

data set 1 and data set repr esent s 1 he 9 andar éfror and R
represents the Corre 4at Coef f] CI ent 5 Results for data set 1. 3rd

degr ee Pol %nom al lef%ac-lr ... Coefficient Data: 10 a = 1.075334
s=1.720 1§ = o. 653?663 —07599931%8 c = 0.097339 & = 0t 04879 15
Exponential Fit: y= “dbx GRGI0%ient Data a = 1. Z51LZkehdar d Error(S) =
1.690 20 b = 0.533035 TortA%Btivh coefficient (R) _ .99158 Results for
data set 2: d = 0.048979

15
Exponential Fit: y=ae®™

Coefficient Data:
a = 1.082514 Standard Error(sS) = 1.690

20 b = 0.533035 correlation coefficient (R) =
.99158

Results for data set 2:

25
3rd degree Polynomial Fit: y=atbxtcx®+dx>...
Coefficient Data:
a = 1.192487 S = 1.101

30 b = 0.565984 R = .99592
c = 0.164962
d = 0.031628

35 Exponential Fit: y=ae®™
Coefficient Data:
a = 1.1846416 s =1.131
b= 0.5021062 R = .99588

40

[0056] For both sets of results, the polynomial fit

had a slightly higher correlation coefficient than the
exponential fit. However, the standard error for the
45 polynomial fit in data set 2 was smaller than for the

exponential fit, but in data set 1 the standard error



25 3rd degree Polynom al Fit: y=atbx+cx2+dx3... Coefficient Data: a =
1.192487 S = 1.101 30 b = 0.565984 R = .99592 c¢ = 0.164962 d = 0.031628
35 Exponential Fit: y=aebx Coefficient Datla: a = 1.1846416 S = 1.131 b =

0.5021062 R = . 8 4 . For th_se results,. the pol ynom a
fit had a sli gﬁ??ygﬂ?ggé\ggggglﬁégglt £D0 a8 it Lok PR St 8o PR &
fit. However, thétstandard error for the 45 polynomal fit in data set 2

was smaller than for_the _expgonential fit, but in data set 1 the standard

error 21 for tgggﬁibonenﬁ?é?df?? WBESE naF et T T hahP e hexpersrbhthl Tkt .

[0057] Based onpbhesewsesibifedt PE SXPROLAILALrd1in1 8006t 488 feeqry to be
nore preferable because it did 5 not require inclusion of as nmany terns as

the cubic functihon. rdhisre sihetamsenthd axpoment tatmaodel tiy=aeBic provi des

al nost the sane racy f[i.e. bo the third decinml placg) as
that of the polgﬁﬁéﬁﬁﬁﬁ‘ﬁé h%d?sgﬁﬁég?g%lg%?ﬁ%g %P%%%%?ca O??é Eﬁ%tation
of 10 all the teroBiddsidlmédt COhE S€amé hecPotyawn al e et liwdto aibeiher
approaches may be used in _various applications as appropriate, as will be

appreci ated by tRosENski|feaindh Phecal 125 [Hos] obeter apPyyRpkking, if the
data to be usednbfhods £ufver T418b NG, Lo MOL: @PPeAL: L Aobe: appsoXimt ed by

a straight line, then there are often. equations whic

10 all the terms in it. Of course, the polynomial method
or other approaches may be used in various applications
as appropriate, as will be appreciated by those skilled
in the art.

[0058] Generally speaking, if the data to be used in

15 curve fitting does not appear to be approximated by a
straight line, then there are often. equations which can
be used to fit the data very well. The first thing that
comes to mind when considering the type of curve to fit
to the data is a pelynomial. This is because

20 pelynomials can be applied without much forethought and

| they are typically successful in matching the shape of
the graphed data. However, when a higher degree
polynomial is chosen to fit the data, it may be
difficult to determine a theoretical basis for the

20 coefficients in the polynomial eguation. It is
preferable to have such a basis for why a particular
model is chosen, and thét model should have some type
of physical interpretation of each of the parameters in
it.

30 [0059] Advantages of using linearizable eguations
to fit data are notable. Typically, curves of this
type are somewhat easier to understand or predict
than pclyncemials. That is, proper choice of the
curve to fit the data can lead to insight concerning

35 underlying mechanisms which produce the data.



be used to fit the data very well. The first thing that comes to m nd when
considering the type of curve to fit to the data is a polynomal. This is
because 20 polynonials can be applied withaut nuch forethought and they

are typically sd Iﬂgﬁmﬁﬁ?APQOE O%h% %ég Cthe gﬁhgd at a.
't

However, when a degree ynomal I's ¢ osen 1 5bta it may
be difficult tdlﬁéb&remﬁl%tal_dﬂﬂ,emﬁletégﬁlatb@@i s ﬂrﬁefﬂﬂ@laﬁﬁioﬁoeﬁ‘ﬂ‘d cients i n
t he pol ynom al equatlon is preferable to have such a basis for why

particular nodgF Fé‘p@H@stérP“ #iith t hat "RBge MOt W haven k bite thype Cat

physi cal interpgghbati o +9f ShiiDs, panangf, erislﬂéhriztabf’g £Q098k
Advant ages of using |inearizable equations to fit data are notable.

Typi cal |y, curvestef trigiosiiney devare moneahat oéapeeaned antdarest and or

predi ct than pg'xng”k§g% Ehvalués r.0 grdgh en%%' q§ curve to fit the
data can lead to |n5|ght concerning 3 underléln fian sims” whi ch pr oduce

the data. 22 Seesadky, tmNinnatli Qr[hSt:Oixtrh&?ebéUlsme&lSlwﬂi asmn be
differentiation, integration, interpolation and extrapolation can be nade
nore confidentl ?O%Hﬁﬁ WaRh ehdsd adiifte bsl Yok dPgrethioid 24GURERY zabl e

curves 5 often &G rgnf %Wecﬂf%f@%ert%l@fn@@&a%t %?Lv%orlar%;%'s@éé of of

val ues than do polynonla S. result, the nornmal matrix may be smal
and can belibolbedeamthqaammqﬂa\Nﬁ%pﬁngﬁmd&gheeeoﬁna@@@aanmabﬂmus this

reduces the need to s | ve | ar ge set of 10 |ingar equati i.ch often
have an undesi rab?&® §¥08§r oﬁqq 3&9&&?90n?ﬁ ’T% gﬁg? dat a,

Applicants havengisl eeahned neR@l deltdisnigesngr ehky 1@e§|sr gl 40 uge nonl i near
forns such as logarithns, inversions, and exponentials to find the
| i neari zabl e desirable to use nonlinear forms such as logarithms,
inversions, and exponentials to find the linearizable
15 curve to match the shape of the data before resorting
to a higher degree polynomial.
[0060] Having generated the BER vs. TCH power level
function for the initial channel based upon measured
BER values within the target range, this function may
20 then be used to advantageously perfeorm a fast search
for the desired BER and corresponding TCH power level
value in each of the subsequent channels in a given
frequency band. First, an estimated or starting TCH
power level for the subsequent channel is chosen based
25 upcn the BER vs. TCH power level function and the
desired BER, at Block 42. That is, an estimate of the
TCH power level that will correspond to the desired BER
in- the subsequent channel is determined and used as a
starting point to hone in on the actual TCH power level
30 for the desired BER. For purposes of the present
discussion, a desired BER of 2.44% will be assumed,
although other desired BERs may be appropriate based
upon the given standard or carrier requirement that is

to be met, as will be appreciated by those skilled in
35 the art.



15 curve to match the shape of the data before resorting to a higher
degree polynom al. [0060] Having generated the BER vs. TCH power | evel
function for the initial channel based upais nmeasured BER values within the

target range, thj nct i A t hen be used to advant ageous perform a
fast search fo?bﬁﬁé?desi ?gds%(éﬂ?agn c%?g%csip%}ﬁ%ﬁ nohﬁ'cf—ﬁa%%r\r}\%?e#ev%ﬁl val ue
in each of the pubsequentl chapne: schdisén dhyead dpegueneypdamndliossrst, an

estimated or starting TCH power |evel for the subsequent channel is chosen
based 25 upon theNBERCYSNOTEH PHowes - | EV_F FIncPROPRIEPIHe t@esired BER at

Bl ock 42. That hisyeaRi sty "Bte Ot ihered GtROYSLe1 eVEle] hal W4 correspond

to the desired BER in the subsequent channel  is determ ned and used as a
starting point sebhemecih omniwel ats uad TOH PownefCH evareB0ldozl t hrer desi r ed
BER. For purpos of the present - discussion, a desired BER of. 2. 44%w ||
be assuned, al Fhoutih’ bt hier CHELT ¢ d- BERSS MY B P pr opr T AT ed%%ﬁlé%ddj{%%nn t he
given standard of.€ar2e44%eouhd esBfdet hghid svalge by Mele @BSfReténde
appreci ated by those skilled in 35 the art. 23 [0061] It should be noted
that the esti mPRE"ITH thRwerl Tkl 2nhyS Hestitrth Hawte ipath hkepat h | oss

f ti ted I 1.nl i mat ed
inction oL ey Tnsknd e et cagl 10y (ol L8 payife el Lo

TCH power |evel for the sequent chann | evel
for the iAilti arabihannef 4 hadtltorosspomustion the mesivsdd BERs (wikl ,b2. 44%

and offset this va%ue. b‘%ég%c%ﬁeg ere cejojsbc?t.wee t he ing i al a%subsequent
channel path | o88°"YatUes” on tHe Pattoss fﬂhcﬁ'eprf'r(tor Tkl measured 10
values if a patfodesp funsidonrs aatimkses , T@s pudr besvappreci ated by
those skilled in the art (Block 42'). [0062] Once the estimted TCH power
| evel is determined, then the BER of the subsequent channel is
measured based thereon, at Block 43. If the measured
15 BER is not within the target BER range {(e.g., 1.0 to
3.0%), then the above-described coarse step search may
be used to determine a TCH power level that is within
the range. If the measured BER is within the target
range, it is compared with the desired BER value, and
20 the difference (i.e., delta) therebetween is used along
with the BER wvs. TCH power level function to determine
a next estimated TCH power level, at Block 44. From the
above discussion of the TCH power level function, it
will be appreciated by those skilled in the art that

25 the next estimated TCH power level may be estimated

according to the relationship ABER:bceb"ATCHlevel, since
the ABER and the coefficient b are known.
[0063] If the measured BER is not within a threshold
range of the desired BER (e.g., * 0.15%), at Block 45,
30 the steps described above with reference to Blocks 43
and 44 are repeated until a TCH power level
corresponding to the desired BER (i.e., within the
threshold range) is found, at Block 46, thus concluding
the method illustrated in FIG. 3. Yet, if still further

35 accuracy 1s desired, a linear approximation may be



determ ned, then the BER of the subsequent channel is neasured based
thereon, at Block 43. If the neasured 15 BERis not within the target BER
range (e.g., 1.0 to 3.09%, then the abovet4lescribed coarse step search may

be used to determine a T ower, leyel that is wtithin fhe range. If the
measured BER i susﬁ?hi%t%o@é\r,\%et' el\?{%]ﬁ%e?alﬁml%l%% arBd- Wt h* t he desired
BER val ue, and 2&1dhevdli§farenceo (3% e3ER dedigy (hes epetveen 0 s1mseskERl ong
with the BER vs. TCH power level function to determ ne a next estimated
TCH power | evel thEgspHEkr29e Fr orhe hdaRb e iSRRI Bh of CH RRCWEH power

level function,jdfey V\é&fv@%f‘ipprk?%i%@P%gy%és{ﬁt%{ééﬁﬂ theidE,ALL that 25

the next estimated TCH power [ eve according to the
rel ati onshi p ABER=bcenATICH @bt i sisitey nde HBEReahd ¢ hercoedd isieht b are

known. [0063] I tthne measured BER is @ k\)/vithi n at reégggd range of the
desired BER (e. g’ "0 159 "HfY BIGEK 45. 30" StEps criPEY above with
reference to Blogks &8 imnthddaar e repeated until a TCH power | evel
corresponding to the desired BER (i.e., within the threshold range) is

found, at Bl ockl¥®64} hus Tometndinry thef Hethod 319 ust rat’edF§ s \E®n 3. Yet
if still furthegp3 i ' r O NAt i be 24
bod bt block = REASARA | RSN Ay 9P SRR TR Ry B0

used, at Bl ock 46’ re particular tively s . 3% BER
range (i.el0 theenditlSehtBER ra hrae hidsbridmge) , Thd e sdiapeyofent BO'BER vs. TCH

power |evel curve will Rhe roximately, |jnear. Therefore, 5 this |inear
el ati onshi p PR d e O HERaT (Tl SRARHAE T w1 be
appreci ated by dioseoski ldeki nedierdirtes (G064 s ckUrdt g aved©, RLDH. 2 and
5, a test system 30" and nmethod for determ ning RF receiver radiated 10

sensitivity ar EhpwWidesskasbdmndirld davigatrgaeaiyer 327 . As will be
appreciated by those skilled in the art, an RF

13 controlled enclosed environment is an electromagnetic
(EM} wave shield environment, such as the illustrated
EM anechoic chamber 37’ (which may be a full or semi-
anechoic chamber), a shield room or an RF enclosure. An
antenna 35’ connected to the RF source 317 is

20 positioned within the anechoic chamber 37’ and
connected to the RF scurce 31’ by a coaxial cabkle to
simulate a base station. An antenna 36’ for the
wireless handheld device is also positioned within the
anechoic chamber 37’ and connected to the handheld

25 receiver 32'. It should be noted that in typical tests
the handheld receiver 32’ and antenna 36’ will be
carried by a device housing, but these components may
be tested without the device housing if desired.
[0065] Generally speaking, the radiated receiver

30 sensitivity search is the same as that described above
for a conducted receiver sensitivity search with the
exception of the path loss determination process. More
specifically, the relationship between path loss wvalues
for a plurality of wireless channels in a frequency

35 band will typically not be a linear function, as is the



i ncludes the RF source 31' (e.g., a base station enulator), an RF
controll ed encl osed environnent, and the w reless handhel d device receiver
32'. As will be appreciated by those skild®d in the art, an RF 15

controll ed encl i t.] Na £1 j hiel d
envi ronnent , su'g%g%s&?%e&??r%gt?% le% 3§Megllr11{eégﬂ%llggg %%%%é%&%ﬁ%?c%ﬁmy be
a full or sem -banethettedhaypbesdtons sheh das comt @inangkn enehiostute. An
antenna 35" connected, to the RF source 31' is 20 positioned within the

anechoi ¢ chanbe?TB7CELFHLY ottt @ e S HHEREE: sY tePienhy LYRbzBd4Y cabl e

to sinulate a PRSESERIONs M BNLENREr Bbred OF £d P11 MEE BE£E S, PRI d
device is also positioned within the anechoic chanber 37" and connected to

t he handhel @ 25chawesdyer 32'. It should be noted that in typical tests the
handhel d receiv , an enna 36" _w | [rje a_devj ce housi ng,
but these corrpoﬁ%%%é] rraydEﬁ%ﬁt%@‘[ e% %%\oiu Sb%ehfe&?e%}%lg rﬁ%ﬁs?%lgl%?b%lesi red.

[ 0065] GCener al | getsepaakhdy, féhetiadi séQienegdiaed 30isensihivaty search is
the sane as that described above for a conducted receiver sensitivity
search with t he?PREXRZPIFDNCOf LhPRe g2 FET R e a¥Fri Hak | SACPFBERRI W e

specifically, thesrelatt@ishipepeineen patdidossvabues, 105 phyyality of
W reless channels in a frequency 35 band wll typically not be alinear
function, a9 i sapmeoRBnatthye forcthe RF Babtle 8./ ThBy way betatsanpath | oss

can be affected by_factors suc antenna .gain, antenna directivity and
The measar enentt T ERIRHE WO CRTY ST aTe T Thoth G er ent Tor
different wirelg@sseréncharmetss. [096R]y Byep&sotodndtdn | fssusmctdon may

still be determ ned for the frequency band using simlar approaches to
t hose descri bed-#bhoveadg 3t erimi e thand, such as every 10th

channel. This appreoach advantageously allows an
15 accurate path loss function to be determined for the
entire band to provide path loss estimates for every
channel, yet without taking the time to individually
measure the path loss of each channel. The path loss
function is then used in determining the estimated TCH
20 power level for the subsequent channel, at Block 4277,
as described further above.
{0067] The path loss determination process will now
be described in further detail with reference to FIG.
6. Beginning at Block 60, RF path losses are measured
25 for at least some of the RF channels within the RF
frequency band, at Block 6l1l. Using the above-noted
example, path loss is measured every M channels. By way
of example, M may be 10, although other intervals may
also be used. An RF path loss function is determined
30 based upon the measured RF path losses of the at least
some RF channels, at Block 62, and an RF path loss for
at least one other channel within the given RF
frequency band is determined based upon the RF path.
loss-fﬁnction, at Block 63, thus concluding the

35 dllustrated method {(Block 64).



BER vs. TCH power |level function (e.g., a |least squares 10 approxi mation,
etc.), at Block 48". By way of exanple, the five-step path |oss search
descri bed above with reference to FIG 132&my be perforned on a subset of

e R L et B SRR TR el

for the entirelbasdridypotvide pastehosshestispteslincaeveyyreghasnedi, yet

t he channel s w
advant ageousl y

wi t hout taking th
channel . The path

Ly

time to individually nmeasure the path |oss of each
0589 BRCEYONPP S Eheh® USRAMPASHEERr nf P AEItReS eSti mat ed

TCH 20 pover |eygl fighntheosubgseaeninsnangel £ 8uBhogky42dtidrias Aescri bed
[ 0067] The path | oss determ nation process will now be

further above.

descri bed i P f urhhenodet ditanith oeferdaceof ot Gysbem Begt e oigs at LBk ock
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r intervals may also be used. An RF gath | oss function
baRRTT uPBRP TR HRER e RPPAEH PoRsesNeRr t hetbing east
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channel withi

n the given frequency band 1s determ ned based upon t
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sone

he RF

pat h | oss fluncinosysatn Biloeke 63iz¢ hus cohet Udé ngo t hiee 35rddt ust ralhed net hod

(Block 64). 2
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5 the non-linearity or order of the systemincreases, the

NOTRIRERY N9 Q4 P BT oh B¥eRA@es inversion. Due to

the nature of radio systems over large frequency spans,
higher order path loss responses can exist.

[0069] Path loss curve fitting may also be performed
using a plurality of splines. That is, many partial
equations replace one complete equation. Sets of
consecutive points {e.g., four consecutive points) are
grouped on a rotating basis. For example, the first
four points are used for generating the first spline
series, the 2nd to 5th points for the second spline
series, and so on. All but the first and last spline
series use only intermediate points (e.g., the equation
from peoints 2 to 3) as valid fitting equations. Using
intermediate points for the equations leaves the first
and last two points without respective equations.
Different spline methods vary first and last spline
construction. One method, an extrapolated cubic spline,
uses the first two splines of the first series {(e.qg.,
points 1 to 2}, the last two splines of the last series
(e.g. points 3 to 4). Other suitable spline fit methods
may also be used, as will be appreciated by those

skilled in the art.



correspondingly increase to obtain a proper fitting. A |east squares
nmet hod, or other non-linear fitting nethods, may be used. Many net hods use
matrices 10 inversion where size is relati®e to the order of the equation.

An inversion is i asi ngly conplex a error,prone as its dinensions
i ncrease. The Iéggﬁb?squagggeﬁﬁgﬁ%d§?egg?rei%a Eﬁ?r?%@% Yaverston pue to
the nature of rpdbausyat easmovesplar geef seguenCyr sSpaNsned Sahk gbrbwel der

path | oss responses can exist. [0069] Path |loss curve fitting may al so be
performed usi n§2&RpFUFEL| £§ dfSRPITReSItYhAY ¢§ 2ndhye patYeal Eaduati ons

replace one Comkggeigqg%i 8¢‘11§§t§e9iescﬁ?ﬂ§ﬁﬁ'ﬁh’é§ POI LS £BcPingfour

consecutive points) are ouped on a rotating basis. For exanpfe, the
first four Ppoifihs aceiesedré ovf fHereryi ng.bhdBfpestsghinneseskeesese the

2nd to 5th points for,the second. spline. series, and.so on. | t the
2 Cant 1 ot "ERor oEnt P EE IR T R S e e At N DR Rl ¢hb o PHbet
equation 25 froghpotBhselut Ovd)sppiNal sdritstidgl@ouaéivas, bstagwas

internedi ate points for the equations |eaves the first and |last two points
wi t hout respectFegeeqliehonsery DHfferepinspl The weptbd5ivary #rst and | ast

spline const rUEEhQ?mflﬁgS? Bt hed, - ?égf%%r§9lﬁé§9 f}’x@ifoxﬁé’léi)a?f%%’ uses the

first two splines o irst seri points 1 to e last two
spl i nes of ltthe thstssehéesppde. gpljoe nyst3 ¢wid)th&theedsdatabl e spline fit

net hods may al so be used, as will. be reci ated by those. skilled in the
art. 27 [0070] CRRPEPPSRY 135 FIRETAEReT WiP ST he DAY erRtRYes: Vor Stiiced f r om

respective serigsroéss@tdnesrade SPONGE EaehcTaF ey i SuBpsMsnegdidting of
a sine wave. Each line is one spline series within the spline fitting. 5

The series are dfs@etigd -bimegiEhey e hetewredkate line

transposition of the upper figure to the lower.

15 [0071] As noted above, path loss curve fitting
reduces the measurement time of non-measured channels.
Time is improved in systems with consecutive channel
path loss difference exceeding the interpolation error.
Linear interpolation will advantageously result in

20 typical accuracy of under 0.1 dB. The path loss method
described above with reference to FIG. 6 may be used
for radiated and conducted path loss measurements, as
will be appreciated by those skilled in the art.

[0072] Another factor that may need to be accounted

25 for in certain path loss/receiver sensitivity test
measurements is the hysteresis of the particular
handheld device under test. More particularly, receiver
path loss is measured by comparing base station
emulator TCH level output against the signal received

30 by the handheld device and relayed to the emulator as
RSSI. Consecutive 0.1 dB adjustments of the emulator’s
amplification will detect a region at which the change
in amplification yields a change in RSSI. At this
“edge” point the radio could oscillate between two RSSI

35 readings with no amplification change. This edge point



show t he overl apping spline series. Wthout the offset, the consecutive
spline series would overlap. Data was taken fromevery 10th point. The
upper figure is constructed of four point2&plines. The lower figure 10

shows the uppermgg! 'Qecwithdokr)lly thg?used data ., transposed,, as_nenti oned
[

above. The respective sPhe“cufvesTare of ekt %}flalﬁg f%?SchJa?Ii]t?/rpur poses.

Bol d and dottedhbh§iesgsbomns heihoéesied] ater | énenpransposthé orsof the
upper figure to the lower. 15 %0071 As noted above, path | oss curve
fitting reducesSthiNFRaBFbheRtet i FRS orandhe Headty bee chanhel £eSPTide i s

i nproved in Sysﬁfn@hé{‘ﬁ&fmfOP§§CH££P{§n£@@é‘Peﬂ>ow@§tIh ! z9f5§irgii%1?r ence
exceeding the interpolation error. Linear interpolation wll
advant ageousl y eesultatorOpaypécal atterttyy ofheintendidelld dB>wdhe path | oss

met hod describ above with reference to FI be used for radiated
and conduct ed pﬁgﬁa?%%%n%agﬁr%lﬁ%nt s?a%%%}%eg%r@%ﬁ%%? ated by those
skilled in the ashufiObi2dr AnDhbEeméet ©F f thate MRy Beded ©h beol@trouUnted 25
for in certain path |oss/receiver sensitivity test neasurenents is the
hysteresis of tRaNPae+d cidfwtce hahdFed i ?levie edFRIerO tagEounNprgor this
particul arly, rlg]_c&j,y&ﬁ_ path |l oss is nmeasured by conparing base station
emul ator TCH | evel output against the signal received 30 by the handheld
devi ce and el aj/@@73b t heMerl pdoriasiaiRSEH . tiConsedult émvaet D 1s iy belj ust ment s

of the enul ator’ anplification will, detect_a region_at which the change
" anpl 11 cat | RS TS P Efbngre 1wl e il et iie T adt o
coul d osci | | at erpeiaveei tpwi RSS! s BoadErdi s Mitdh Nea|pdicatbpnachange.
This edge point 28 may be caused by systemerror, changing position or

changi ng si gnal aM¢HEhsiHBACFbkY ebemplidiams) thediRssthicleads ngst osetihint e,
the handhel d d%ﬂk?%ﬁ%ﬁﬂéh&?%ﬂ?%%m received TCH level changes, the

15 RSSI edge point will be reported prematurely, as shown
in FIG. 17. This dual-edge system, known as hysteresis,
decreases the likelihood of any oscillations within the
RSSTI and TX power control. As the device RSSI
decreases, the reported RSSI to the base station

20 emulator will change in such a way as to remove any
oscillations if the device RSSI increases by only a
small amount.

[00774] While the hysteresis prevents oscillations,
1t also creates an offset from the true RSSI edge. For

25 a known device with known hysteresis, the value can be
applied as an offset to each channel. For an unknown
device, the hysteresis may'need to be determined using
a stepping algorithm, and then factored in to each path
loss channel. The hysteresis is removed to obtain the

30 true edge point. The hysteresis typically applies to
all chanﬁels the same within a given band.

[0075] One exemplary method for determining path
loss including a hysteresis search i1s now described
with reference to FIG. 7. It should be noted that this

35 approach may be used either for conducted path loss or



by changing its transmtter power in a simlar 5 oscillatory pattern,
af fecting the handhel d power managenent. As such, many handhel d devi ces
manuf acturers inplenent software within eath nobile handheld device to

change t he edge : u o] iIS__pro 7 re rticularly,
t he problenaticréﬁﬁgﬁéa ﬁé&% eaég’p%?nyl?%e%%v%%%%ggﬁ%%egagydl Tefent
val ues. These siblpednis sheaddte Bhgiacinal aedgecphi MO, by pairapdunt
typically less than 0.5, dB, which is set within the handheld. As the

received TCH | eV¥PLRRGAGBSCATRB 15 FRSPIBHYRI pRP ARt Wi | 91 Ben r Rpdf t ejlue

prematurely, astshQuitibf Et?%hé7RFTPé§e9§§%'@Qggwé¥§£§&1R#_ Wi AS
hysteresis, decreases the |ikelihood of any oscillations within the RSSI

and TX powers conidiegs Psanhelitesid cErRESLhelell eagescet he iepoeaeth®S8Idt o
the base statio t i an i a [ ve_any
GRS e R S S R g T

oscillations if y only
Wi | e the hyst edesésmpredebiswosei that tensyivély at si9e cheatesaancpfgset from
the true RSSI edge. For_ 25 a known device with known hysteresis, the val ue

can be applied BS"&h BRide? #o7chld ERBRTETS FRTERH URREOWRATIHEVIZR the
hysteresis may pgedeto,bendetRL M Pl Kok N  AaiSL BPPLNTRL 99T i 1hm and then

factored in to each path oss channel. The hysteresis IS renoved to obtain
the 30 truéledg®2pdipre Fhethysterksi ssiyed clale yRIPpl L eansotien | petrinnel s

(e e Wiy e PR0 L 00751, e erenpl Aty aekipe (g7 dstgrgy o
to FIG 7. It shoulldydeeroied thatsitisn dqppy oacdh 1eyabeonses eid her for
conducted path loss or 29 radiated path loss, as will be appreciated by
t hose actual RSSI transition relative to the TCH power level
may be determined once the TCH power levels
15 corresponding to the hysteresis transition edges are
known. RF path loss for a given channel may then be
determined based upon a given RSSI at a given RF power
value and the determined relationship between the
relatively fine granularity RF power values and the
20 relative coarse granularity RSSI values, at Block 73,
thus concluding the illustrated method (Block 74}.
[0076] The scan finds the edge point as the TCH
level is increased and decreased. By way of example,
the coarse granularity RSSI values may be in 1.0 dB
25 increments (i.e., the reported accuracy of the handheld
receiver), while the relatively fine granularity
increments may be 0.1 dB (i.e., the accuracy of the
internal receiver amplifier(s)). To find the first
edge, the internal amplification of the receiver may be
30 increased in +0.1 dB increments until the edge is
found. Then, a +1.0 dB step may be taken, followed by a
series of -0.1 dB steps until the second edge is found.
The actual RSSI value will be located half-way between
the two edges. It should be noted that the direction

35 first measured has no bearing on the results, as either



skilled in the art. Beginning at Block 70, a pair of hysteresis edges is
determ ned about a given RSSI value transition at the RF receiver by
sweepi ng RF power 5 values transmtted fromthe RF source in increasing and

decreasing diregtion B 7 r i opship. Isc. 1 ween
the relatively %Nﬂ% %?%ﬁ%?a%?@%d%r%ﬁ%{él g%’s gkrll%l ]Ejhlgﬁ ﬁ%?%%e%fsar se
granul arity RSStdgwatoesd use nfotihe dnish er@si sdBransps ) ofoElgesq gy 8l-ock 10

72. More particularly, since the RSSI transition_point for the receiver 32
or 32" is Iocat%ejdgh%%f%\%?/ %%V\E%Ti ‘{E]%es%‘?/%?e?%sf N EhRi $¢ P edges, the

location of thepyaetpati RSSlqd! ansifion gl athveciorddeJGHipaver |evel
may be determ ned once the power |evels 15 corresponding to the

hysteresis transkilbedetlgesharart known. RF path loss for a given channel
my then be dejgmped based.upona giyen: RSSL alog qlyen R pover  val ue

and the determ hed rel ations pbe? en the rela%wey i ne granu‘farity RF
power val ues andesdwei26d rel @l | vef coatse g anlt arg t yTIRSHEF vadwess 3 & ock
73, thus concluding the jllustrated nmethod (Block 74). [0076] The scan
finds the edge Poi ntTHESTHES TEH PPl V425 103 e ad ekf wd ey . By way

of exanple, ther&alsei gy AMMAriRY BISY eV H88 IRYoPE3IN dofb B &5
increments (i.e., the reported accuracy of the handheld receiver), while

the rel atively R3dk grums aat ty ré¢aiienshit scomysdeg Caiu iy eand theve
accuracy of the _internal receiver. anplif.ier ). To find the first edge,
the T nter nal - ard 1T TRt SOl A b 01 e 97 0. 1 8
increments untiddideeretdgesss vdnwd, aAheivtad HodrelB stepymay he taken,
followed by a series of -0,1 dB stg:{)s until the secon’d edge is found. The
actual RSSI val'ePRiMtiRd 1Tt ddihdty -Seprtetdker 3he ahotedgestiat

5223: ?Sf)eagogfﬁ]ﬁe @wéﬁ%&iéﬁﬂérﬁﬁ STdISIpdmasty edh 1as, NG aear g, on the
15 of the RF receiver 32 or 32' is measured, at Block 807.
An initial internal amplification of the RF source 31
or 31’ is set based upon a difference between the
initial RF power level and the corresponding initial
RSSI value, at Block 757, to thereby calibrate the RF
20 receiver 32 or 32’ with the RF source.
[0078] In addition, the method may also include
repeating the three determining steps for at least one
other given RF channel in the given RF frequency band
to determine a plurality of RF path losses, at Blocks
25 76’ and 77’, and determining an RF path loss function
based upon the plurality of RF path losses at Block
78’ , using a least squares algorithm, a plurality of
splines, etc., as discussed further above. An RF path
loss for at least one other channel within the given RF
30 freguency band may then be determiﬁed based upon the RF
path loss function, at Block 797,
[0072] Many modifications and other embodiments of
the invention will come to the mind of one skilled in
the art having the benefit of the teachings presented

35 in the foregoing descriptions and the associated



30 edge can be found first. That is, the first hysteresis edge could be
found with -0.1 dB steps, followed by a - 1.0 dB step and +0.1 dB steps to
find the second hysteresis edge, as will bk appreciated by those 5 skilled
inthe art. [00 her of ;. the_t descri bed
with reference €%$¥¥%§£8. qﬁ%?%ﬁgé%hr%% gi %ﬁéeégigggdﬁéﬁgPém%F power

val ues at a rel atveetyofii e ngt anwllaei I imiead thetiRE sw@eei ¥ 32 or 32
generates 10 RSSI %glues at _a relatively coarse grapnularjty and have an

unknown hyst er eSTRCAHBER - 2ath TR | P bt de P th SRt RS val ues, as
noted above. A shigf@imdsSts t4ansiitdeded romide R soul 6 3iRrePd’ at an
initial RF power level, and a corresponding initial RSSI value 15 of the
RF recei ver 232 ®¢oB2' of stheappegiedtcBibek- 80'. An initial internal
anplification of the RF source 31 or 31' is set based upon a difference
between the initial RF power |evel and the corresponding initial RSSI

val ue, at Block 751, to thereby calibrate the RF 20 receiver 32 or 32' wth
the RF source. [0078] In addition, the nethod may al so include repeating
the three determ ning steps for at |east one other given RF channel in the
given RF frequency band to determne a plurality of RF path |osses, at

Bl ocks 25 76' and 77', and determ ning an RF path | oss function based upon
the plurality of RF path | osses at Block 78, using a |east squares
algorithm a plurality of splines, etc., as discussed further above. An RF
path loss for at |east one other channel within the given RF 30 frequency
band may then be determ ned based upon the RF path |oss function, at Bl ock
79'. [0079] Many nodifications and ot her enbodi nents of the invention wll
come to the mnd of one skilled in : :



the art having the benefit of the teachings presented 35 in the foregoing
descriptions and the associated { 31 drawi ngs. Therefore, it is understood
that the invention is not to be linmted t¥®the specific enbodinents

di scl osed, and that nodificati egamafgrcg8MpedrpRMEpake.i Ntended to be
included within the 5 scope of the appende% cf%ﬂms. %% THAT VHHCH | S

CLAIMED I'S: 1. Atest nethod for determning radio frequency (RF) path
| oss between an RF source anddgn RF 5 rec a given RF channel in a

given RF frequency band, the E%%FC%EW%C% eﬁr't"ffl%%e]ﬁftg’bﬂ\%rr%%%es at a

relatively fi nefgé@qﬁ@k%{i tyr) tHeLIRFL 626 b dBlc SENSE Atk NdouF &S ehv@da sl gnal
strength indicator (RS % values at a relatively coarse granularity and
havi ng an urknoWpCcaovey st@F ez ¢l abolRT edeannelanst t3 ol ve Wit nf erijlaeeey  RSSI

val ues, the tes thﬁﬂs CORPL LS| 09! 1.0 ir_ of resis edges
about a given klt%rg(?’ val ue tr%%%#?Tgo%%%#e%rfg%g?%/%?]pb?m%%\%e%?nag] RF
power val ues traabatiteldy ffione tdueadl soitce tite | RE | necebss Ngganse set@asi ng

directions; determning a relatjionship pbetween the relatively fine
granul arity RF Povet? |%%U%LQGFH%HGW‘£|J£ VA ar %%Sﬁbnmlaw%/fh@

val ues using thes1dysiEresisatia iéﬂm&%%&%@ﬂ%%@%ﬂ@whe RF
path loss for the given  channel based upon a given RSSI at a given RF
power val dé€ ankly3trresiatdlorishi eadetiears itheonr detset yadigeenigrRFl arity

RF power val uesvagﬂgeé’hetﬁeel%égqnectqggéecon%grainsuﬂnaé:i ty RSSI val ues. 25
determining a pair of hysteresis edges about
a given RSSI value transition at the RF receiver by
sweeping RF power values transmitted from the RF source
15 1in increasing and decreasing directions;
determining a relationship between the
relatively fine granularity RF power values and the
relative coarse granularity RSSI values using the
hysteresis transition edges; and
20 determining the RF path loss for the given
channel based upon a given RSSI at a given RF power
value and the relationship between the relatively fine
granularity RF power values and the relative coarse
granularity RSSI values.
25
2. The test method of Claim 1 further
comprising:
transmitting from the RF source at an initial
RF power level and measuring a corresponding initial
30 RSSI value of the RF receiver; and
setting an initial internal amplification of
the RF source based upon a difference between the
initial RF power level and the corresponding initial
RSSI value. |
35



2. The test nethod of Caim1 further conprising: transmtting fromthe RF
source at an initial RF power |evel and neasuring a corresponding initial
30 RSSI value of the RF receiver; and sett3hg an initial internal

anplification of the RF sourc a di £f nce. b n_t he

initial RF power |evel an%'thﬁ%%r?gg%gﬁ%?ﬁgdi%{ftlegggﬁRésﬁﬁéggg%. 35 33 3.
The test met hoddeftethahimdy wherpahrdefenhpsneéngsihespaes obmpystesesi s edges
conprises sweeping iin progressively decreasing intervals oi RF = power

val ues. 5 4. The"f EE“&B%HOHIBW@#F?W rthe Sl’&‘érrb?F%Fﬁ@.Sr%BegFi ng the
three determ ni pgystepgif;es. at | east one other given RF channel in the
given RF 10 frequency band to determine a plurality of RF path | osses;
determning \an RF path | oss function based upon the plurality of RF path

| osses; and determ ning ap RF h S t Le . On 1 her channel
wi thin the given RF frequéhcy ﬁ%%dt %ge%£9%%@no%h§féﬁgpgtEugggérfunction
5. The test netbotpoisChatm 4 wherein determning the RF path |oss
function conprises 20 determ ning the RF path |oss function based upon a

| east squares al gorithm BEPFREIEGstNAethbEe of CEP BN MU ANEFBPH T@ELRF ni ni ng
the RF path | 0ssef8pcthO@N-£ROPT b Sesn 2B deheniini g the FhvpatRrl oss
function using a plurality
10 frequency band to determine a plurality of RF path
losses;
determining an RF path loss function based
upcen the plurality of RF path losses; and
determining an RF path loss for at least one

15 other channel within the given RF frequency band based

upon the RF path loss function.

5. The test method of Claim 4 wherein
determining the RF path loss function comprises
20 determining the RF path loss function based upon a

least squares algorithm.

6. The test method of Claim 4 wherein
determining the RF path loss function comprises
25 determining the RF path loss function using a plurality

of splines.

7. The test method of Claim 1 wherein the
RE receiver comprises a Global System for Mobile

30 Communications (GSM) receiver.

8. The test method of Claim 1 wherein the
RF receiver comprises a General Packet Radio Service
{GPR3) receiver.

35 -



of splines. 7. The test nethod of Claim1 wherein the RF receiver
conprises a dobal Systemfor Mbile 30 Comruni cations (GSM receiver. 8.
The test nethod of Caim1l wherein the RR4eceiver conprises a General

Packet Radio Service (GPRS) r i 4 . t est thod of Claim1l
wherein the RF receiver cgefrpri@gg %%é%nxﬁg%}g%% %ﬂt%—fﬁgﬁeg %%r %b% © System
for Mobil e Commuhi eatédnsr (GESMr Bved uih olni{&oiXE) Diesekayess Hod0G1dbhel t est

met hod of Claim1 wherein the,  RF _source conprises a base station emul ator.
11. A test systekFFGH ﬁ%ieel}ﬂﬂl?h%%gc?wrbw%l%%q&%%%y R Uipktth (BeE)

conprising: an RE-gpuLtge transmtting RF power values at a relatively fine
granularity for a given RF channel in a given RF frequency band; an RF
recei ver gererating received signal 15 strength indicator (RSSI) val ues at

a relatively coarse granplarity ang ha}%{ei r}gognofm(lf own ﬁy‘%eelt elsrils ﬁgout‘
each transition between adj acent vaif ues; “an a T est con‘?rol?er
coupl ed to sai dRRFs¢@cet Vesmp gl s ah thRFe sotH €0 cemZlattlet er m ning a pair
of hysteresis edges about a given RSSI value transition of said RF

recei ver based upon sweeping RF power values transmtted fromthe RF

source in increasing and flecrgasig @g@éﬁi%,dg@egﬁrgﬂ’@ ning &
rel ati onship between the relatively fine granularity RF power val ues

10 frequency (RF) path loss comprising:

an RF source transmitting RF power values at
a relatively fine granularity for a given RF channel in
a given RF frequency band;

an RE receiver dgenerating received signal

15 strength indicator (RSSI) values at a relatively coarse

granularity and having an unknown hysteresis about each
transition between adjacent RSSI values; and

a test controller coupled to said RF receiver
and said RF source for

20 determining a pair of hysteresis edges
about a given RSSI wvalue transition of said
RF receiver based upon sweeping RF power
values transmitted from the RF source in
increasing and decreasing directions,

25 determining a relationship between the
relatively fine granularity RF power wvalues
and the relative coarse granularity RSSI
values using the hysteresis transition edges,
and

30 _ determining the RF path loss for the
given channel based upon a given RSSI at a
given RF power value and the relationship
between the relatively fine granularity RE-
power values and the relative coarse

35 granularity RSSI wvalues.



and the relative coarse granularity RSSI val ues using the hysteresis
transition edges, and 30 determning the RF path |oss for the given
channel based upon a given RSSI at a givetb RF power value and the
relationship between the relatively fine granularity RF power val ues and
the relative coarse 35 granularity RSSI values. 35 12. The test system of
Claim 11 wherein said tesi2cormhsltest nepstersoB Ciimwsponehiegeimiddad RSSI
val ue of said RF receiver based upon an initial RF 5 power. |evel

transmtted froh?Shi PREILIFCICTHA B3 CATFHIIANT nter bl RSST
anpl i fication of,paidoRFsSOUNEE rhASEek HPOs 4 difderance, het yeeny t he

initial RF power |evel and the corresponding initial RSSI value. 10 13.
The test systenpefel benell 1t whrssrel ttedi Gron esaid GE raodumsre deied ndates t he

pair of hysteresjs. edges. base on s ing. in ogressivel y_decreasing
interval s of rf)o%/\%lr@%/aa ule%.eg@ﬁfmﬁff%%%%@ﬁ%#&é%%i ?#Ilﬁc%mer ei n
said test contsasd@rupdad tarefi fRpeaisce tihecwdeeecdetieri i NRE S@psr f or  at
| east one ot her_given RF channel in the given RF frequency band to
deternine a pl utaf$t 2 W GRETEIRARENT oPé”t”e‘%Jrﬁlne%S% Yat h | oss
function based 20 upon the plurality of RF path | osses, and determ nes an
RF path | oss for at | east one other channel within the given RF frequency
band basedldpon the RF path | d8s tfeasictswster®5f151alhme tlestheystremsaifd C ai m
14 wherein sai test controller .deternm nes the RF path | oss function by
dotormi mi ng ¢ he- O T TRET (RSO T e o O LB S B dges

al gorithm based upon sweeping in progressively decreasing

intervals of RF power values.

15 14. The test system of Claim 11 wherein said
test controller further repeats the three determining
steps for at least one other given RF channel in the
given RF frequency band to determine a plurality of RF
path losses, determines an RF path loss function based

20 upon the plurelity of RF path losses, and determines an
RF path loss for at least one other channel within the
given RF frequency band based upon the RF path loss

function.

25 15. The test system of Claim 14 wherein said
test controller determines the RF path loss function by
determining the RF path loss function based upon a

least squares algorithm.

30 16. The test system of Claim 14 wherein said
test controller determines the RF path loss function by
determining the RF path loss function using a plurality

0of splines.



30 16. The test systemof Caim 14 wherein said test controller determnes
the RF path loss function by determning the RF path |loss function using a
plurality of splines. 36 17. The test sy3emof Claim1ll wherein said RF

recei ver conprises a dob Systemifor Mbile ni cations (GSM _.
receiver. 5 18. The test yéteﬁf\%;nc%lg;éi Wiﬁe%%fg‘?ﬁ%%}i gi ‘ﬂﬁe?%ﬁ%:\%aejrd
conprises a Genrratefatket RaghboiSesVhCelohE&PRS)ysteaefyermodfie The test
systemof Claim.11 wherein said 10 RF receiver conprises an Enhanced Data
Rates for G obabo™&yRientiors MbBrlie EBRAtFEati ons (GSM Evol ution ( EDGE)

receiver. 20. The test systemof Claim1l wherein said 15 RF source

conprises a base station enul ator. _
5 18. The test system of Claim 11 wherein said

RF receiver comprises a General Packet Radio Service

(GPRS) receiver.

19. The test system of Claim 11 wherein said
10 RF receiver comprises an Enhanced Data Rates for Global
System for Mobile Communications (GSM) Evolution (EDGE)

receiver.

20. The test system of Claim 11 wherein said

15 RF source comprises a base station emulator.



